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(54) UQUID CRYSTAL SHUTTER AND COLOR IMAGE DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
color shutter of high transmittance, high- speed 
response and wide visual field angle, a color image 
display device using the same and more particularly a 
color image display device of a field sequential system. 
SOLUTION: Liquid crystal molecules are stabilized by 
the intermolecular force with a polymeric substance or 
the plural states larger than a spiral pitch P0 of a natural 
state are made to cause transition, by which an electro- 
optic response speed and more particularly a response 
. speed in a relaxation process are speeded up. For 
example, the electric field to be impressed on the liquid 
crystal layer (13) is so controlled that the plural states 
(for example, Pi=P1, Pi=P2, etc.), larger than the natural 
spiral pitch of the liquid crystal molecules 13a 
correspond to the wavelength of the light which is 
transmitted through the liquid crystal layer (13) or 
selectively reflected by the same. 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the"word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The liquid crystal layer which presents the cholesteric phase pinched between the 1st 
substrate and the 2nd substrate, Between a means to impress the electric field of a direction 
parallel to the direction of a field of said 1st substrate and said 2nd substrate to said liquid 
crystal layer, and said 1st substrate and said 2nd substrate The intermolecular force committed 
between the liquid crystal molecules which constitute said liquid crystal layer is the natural whorl 
pitch PO of said liquid crystal molecule. Liquid crystal shutter characterized by providing the 
polymer constituent arranged so that it might become the largest. 

[Claim 2] The liquid crystal layer which presents the cholesteric phase pinched between the 1st 
substrate and the 2nd substrate. The whorl pitch of the liquid crystal molecule which constitutes 
said liquid crystal layer in said liquid crystal layer is the natural whorl pitch PO. 1st big whorl 
pitch P1 A means to impress the 1 st electric field so that it may become. To said liquid crystal 
layer, the whorl pitch of said liquid crystal molecule is said 1st whorl pitch PL 2nd big whorl pitch 
P2 Liquid crystal shutter characterized by providing a means to impress the 2nd electric field so 
that it may become. 

[Claim 3] The liquid crystal shutter characterized by pinching the liquid crystal layer which 
presents the cholesteric phase which has the wavelength of selective reflection light in an 
ultraviolet region between the 1 st substrate and the 2nd substrate. 

[Claim 4] The liquid crystal layer which presents the cholesteric phase pinched between the 1 st 
substrate and the 2nd substrate, The whorl pitch of the liquid crystal molecule which constitutes 
said liquid crystal layer in said liquid crystal layer is the natural whorl pitch PO. 1 st big whorl 
pitch P1 A means to impress the 1st electric field so that it may become, To said liquid crystal 
layer, the whorl pitch of said liquid crystal molecule is said 1st whorl pitch PI. 2nd big whorl pitch 
P2 Between a means to impress the 2nd electric field so that it may become, and said 1 st 
substrate and said 2nd substrate The intermolecular force committed between said liquid crystal 
molecules is the natural whorl pitch PO of said liquid crystal molecule. Liquid crystal shutter 
characterized by providing the polymer constituent arranged so that it might become the largest 

in the following fields. , 

[Claim 5] A means to display the image which has the gradation according to color information 

on the display screen, claim 1 arranged on said display screen, claim 2, the color picture display 

characterized by providing a liquid crystal shutter according to claim 3 to 4. 

[Claim 6] The spectrum of the light which carries out outgoing radiation of said display screen, 

and the selective reflection spectrum of the liquid crystal layer which constitutes said liquid 

crystal shutter are a color picture display according to claim 5 characterized by corresponding. 
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DETAILED DESCRIPTION to 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to liquid crystal shutters, such as a liquid crystal 
color shutter. Moreover, this invention relates to the color picture display which displays a color 
picture using a liquid crystal shutter. 
[0002] 

[Description of the Prior Art] Against the background of informational multimedia-izing, 
researches and developments of new thin shape and big screen display are briskly advanced to 
the flat TV and the pan towards implementation of a domestic theater etc. As a typical thing of 
such a display, a plasma display (rhoDrho) and a plasma addressing liquid crystal display 
(rhoALC) can be mentioned, and it is already marketed about the former. However, the present 
condition is that displays, such as PDP and PALC, are less than the fluorescence tubing (CRT) 
conventional at points, such as a manufacturing cost, resolution, and brightness. 
[0003] - The display which realizes a big screen display by juxtaposing two or more small 
fluorescence tubing in all directions as a big screen display using a way and fluorescence tubing 
is proposed. In using color fluorescence tubing in such an indicating equipment, there is a 
problem of the manufacture increase in cost by high precision members, such as generating of a 
color gap, constraint of the resolution by the array pitch of a fluorescent substance, individual 
difference of a hue, a shadow mask, and three electron guns. With monochrome fluorescence 
tubing, since the problem in the above color fluorescence tubing is not produced, the means of 
displaying which performs color display is proposed by combining monochrome fluorescence 
tubing and a liquid crystal color shutter. This means of displaying displays the image which is 
synchronized with the change of the foreground color of a liquid crystal color shutter, and has 
the gradation corresponding to each foreground color with monochrome fluorescence tubing 
while it is called a field sequential method and switches the foreground colors (for example, red, 
green, blue, etc.) of the whole screen by the liquid crystal color shutter at high speed (see 
Proc.SID26,157 (1985)). A part of small color display using singular monochrome fluorescence 
tubing and a singular liquid crystal color shutter is put in practical use. 
[0004] The engine performance required of the liquid crystal color shutter used for a field 
sequential method is high permeability, a high-speed response, and a wide-field-of-view angle. 
Conventionally, the liquid crystal color shutter used for a field sequential method consists of two 
or more chromatic polarization plates (in the case of a RGB system chromatic polarization plate, 
in the case of three sheets and a CMY system chromatic polarization plate, they are five 
sheets), and a liquid crystal shutter of two sheets. For this reason, the theoretic maximum of 
permeability is only at most 1 6.7%, and has the problem that it does not fill with an actual 
prototype to about 6%, either (Proc.SID26,157 (1985)). As a liquid crystal shutter, pi eel mold 
nematic liquid crystal, strong dielectric liquid crystal (FLCD). antiferroelectric liquid crystal 
(AFLCD), etc. are used. The speed of response of pi eel mold nematic liquid crystal is inadequate 
from about 1.7ms (Proc.SID26.157 (1985)) and a viewpoint of controlling a color flicker, and 
although it is high-speed, it is easy to produce orientation destruction, and strong (**) dielectric 
liquid crystal has the problem that a means to prevent this must be provided. 
[0005] Although what is necessary is just to adopt the method not using a chromatic polarization 
plate in order to secure high permeability, the liquid crystal shutter itself needs to control a color 
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in this case. As such a method, there are a guest host liquid crystal method and a cholesteric- 
liquid-crystal method. Although a guest host liquid crystal method performs color control by 
controlling the orientation of dichroic coloring matter by liquid crystal, there is a problem in a 
speed of response, the lightfastness of coloring matter, 2 color ratio of coloring matter, etc. A 
cholesteric-liquid-crystal method uses the selective reflection phenomenon in planar structure. 
A selective reflection phenomenon is the natural whorl pitch length rho 0 of cholesteric liquid 
crystal. It is lambda=nxrho 0 by the average refractive index n. It is a wavelength region 
centering on the wavelength lambda specified, and the circular polarization of light component of 
the same bearing as a whorl is reflected. 

[0006] Since the method to which the planar structure of a selective reflection condition and the 
HOMEOTORO pick structure of a transparency condition are made to switch among cholesteric- 
liquid-crystal methods has the transition rate as slow as about 100ms (SID95DIGEST351 (1995)) 
from HOMEOTORO pick structure to planar structure, there is a problem in using for the liquid 
crystal shutter of the electrochromatic display of a field sequential method. 
[0007] By the method which controls a selective reflection wavelength region by controlling the 
whorl pitch length of the planar structure of cholesteric liquid crystal, a more nearly high-speed 
response is expectable from not minding the process of a late previous structural change. What 
applied the whorl pitch length of cholesteric liquid crystal to the reflective color LCD panel about 
the method controlled by electric field is proposed by JP,7-209662,A. Although the example 
which switches the three primary colors of light to a high speed in this, and realizes reflective 
color display was given, as a result of this invention persons' examination, by the drive frequency 
indicated by the example of this reference, the color flicker occurred and it became clear that a 
very big problem was in display grace. Although it is about 1 or less ms and the change of a 
foreground color needed to be performed in order to control a color flicker and to obtain the high 
display engine performance, as a result of adding examination furthermore, by the approach 
indicated by JP,7-209662,A, it turned out that it is impossible to realize such a high-speed 
response. Since the relaxation process from planar structure to the shorter longer planar 
structure of pitch length of pitch length is a process uncontrollable by the electrical potential 
difference, the transition rate is slow as compared with a reverse process, and it must take a 
certain measures. 

[0008] The approach indicated by JP,7-209662,A when considering application to the 
electrochromatic display of a field sequential method became clear [ having the still more nearly 
following problems ]. Namely, although the liquid crystal layer of a right hand wind coil and an eft 
hand wind coil is used in order that the colour selection in the transmitted light may serve as the 
three primary colors of subtractive color mixture and the color reproduction nature in additive 
mixture of colors may raise a narrow thing and efficiency for light utilization by this approach It 
is difficult for the ingredient of the optical isomer of dextro-rotatory and levorotation to come to 
hand by the chiral agent, and the degree of freedom of ingredient selection is low, Moreover, it is 
necessary to prepare a different liquid crystal layer called a right hand wind coil and an eft hand 
wind coil, and is high cost, Moreover, there are problems, like that the temperature dependence 
of pitch length is large and a foreground color changes with service temperature and since the 
spectrum of incident light and the wavelength field of selective reflection are not specified 
further, an unnecessary light penetrates and color purity falls. 

[0009] finally it comes out about an angle of visibility. Although the selective reflection of 
cholesteric liquid crystal has the large viewing-angle dependency of a polar angle, there is no 
viewing-angle dependency of an azimuth. Therefore, it has the advantage of being easy to 
perform viewing-angle compensation as compared with the case where a chromatic polarization 
plate and pi eel mold nematic liquid crystal are used. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is made in order to solve such a 
trouble. Namely, permeability of this invention is high, a speed of response is a high speed, and it 
aims at offering the color picture display using a liquid crystal shutter and this with a large angle 
of visibility. Moreover, the color reproduction nature of this invention in additive mixture of 
colors is high, its degree of freedom of ingredient selection is large, its cost is low, and a 
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foreground color is stabilized, and it aims at offering the color picture display using a liquid 

crystal shutter and this with still higher color purity. 

[0011] 

[Means for Solving the Problem] This invention is equipped with the following configurations in 
order to solve such a technical problem. The liquid crystal layer which presents the cholesteric 
phase by which the liquid crystal shutter of this invention was pinched between the 1st 
substrate and the 2nd substrate, Between a means to impress the electric field of a direction 
parallel to the direction of a field of said 1 st substrate and said 2nd substrate to said liquid 
crystal layer, and said 1st substrate and said 2nd substrate The intermolecular force committed 
between the liquid crystal molecules which constitute said liquid crystal layer is the natural whorl 
pitch P0 of said liquid crystal molecule. It is characterized by providing the polymer constituent 
arranged so that it might become the largest Whorl pitch P0 of the liquid crystal molecule which 
constitutes a liquid crystal layer In order to make it stabilize, it is the whorl pitch rho 0 of a liquid 
crystal molecule. The polymerization of the polymerization nature matter made to coexist with a 
liquid crystal layer is carried out, and you may make it make a liquid crystal layer distribute a 
macromolecule (polymer nature matter) in the condition. 

[0012] Moreover, the liquid crystal layer which presents the cholesteric phase by which the liquid 
crystal shutter of this invention was pinched between the 1st substrate and the 2nd substrate, 
The whorl pitch of the liquid crystal molecule which constitutes said liquid crystal layer in said 
liquid crystal layer is the natural whorl pitch P0. 1st big whorl pitch P1 A means to impress the 
1st electric field so that it may become, To said liquid crystal layer, the whorl pitch of said liquid 
crystal molecule is said 1st whorl pitch P1. It is characterized by providing a means to impress 
the 2nd electric field so that it may become the 2nd big whorl pitch P2. 
[0013] Moreover, the liquid crystal shutter of this invention is characterized by pinching the 
liquid crystal layer which presents the cholesteric phase which has the wavelength of selective 
reflection light in an ultraviolet region between the 1st substrate and the 2nd substrate. For 
example, when the liquid crystal layer which presents the cholesteric phase pinched between the 
1 st substrate and the 2nd substrate, and a means to impress the electric field of an parallel 
direction to said liquid crystal layer with the direction of a field of said 1st substrate and said 
2nd substrate are provided and said electric field are not impressed, you may make it arrange 
the liquid crystal shutter of this invention, as the wavelength of the selective reflection light of 
said liquid crystal layer is in an ultraviolet region. 

[0014] Moreover, the liquid crystal layer which presents the cholesteric phase by which the liquid 
crystal shutter of this invention was pinched between the 1st substrate and the 2nd substrate, 
The whorl pitch of the liquid crystal molecule which constitutes said liquid crystal layer in said 
liquid crystal layer is the natural whorl pitch P0. 1st big whorl pitch P1 A means to impress the 
1st electric field so that it may become, To said liquid crystal layer, the whorl pitch of said liquid 
crystal molecule is said 1st whorl pitch P1. Between a means to impress the 2nd electric field so 
that it may become the 2nd big whorl pitch P2, and said 1 st substrate and said 2nd substrate 
The intermolecular force committed between said liquid crystal molecules is the natural whorl 
pitch P0 of said liquid crystal molecule. It is characterized by providing the polymer constituent 
arranged so that it might become the largest in the following fields. 

[001 5] In addition, without restricting to an one-layer liquid crystal layer, carrying out the 
laminating of two or more liquid crystal layers from which whorl bearing of a cholesteric phase 
differs, for example, and using them etc. carries out the laminating of two or more liquid crystal 
layers, and you may make it use the liquid crystal shutter of this invention. For example, when 
whorl bearing of the liquid crystal layer to combine is the same, you may make it use combining 
lambda/2 plate (phase contrast plate). Moreover, what is necessary is just to make it combine 
for example, so that circular polarization of light bearing and whorl bearing of a cholesteric- 
liquid-crystal phase into which the polarization conversion sheet which changes no polarizing 
into the right-handed circularly polarized light or the left-handed circularly-polarized light was 
changed may become the same, when whorl bearing of the liquid crystal layer to combine is the 
same. 

[0016] The color picture display of this invention is characterized by providing a means to 
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display the image which has the gradation according to color information on the display screen, 
and claim 1 arranged on said display screen, claim 2 and a liquid crystal shutter according to 
claim 3 to 4. Namely, a means by which the color picture display of this invention displays the 
image which has the gradation according to color information on the display screen, The liquid 
crystal layer which presents the cholesteric phase which was arranged on said display screen 
and pinched between the 1 st substrate and the 2nd substrate, Between a means to impress the 
electric field of an parallel direction to said liquid crystal layer with said 1st substrate and said 
2nd substrate, and said 1st substrate and said 2nd substrate The intermolecular force 
committed between the liquid crystal molecules which constitute said liquid crystal layer is the 
natural whorl pitch PO of said liquid crystal molecule. It is characterized by providing the liquid 
crystal shutter equipped with the polymer constituent arranged so that it might sometimes 
become the largest. Moreover, a means by which the color picture display of this invention 
displays the image which has the gradation according to color information on the display screen, 
The liquid crystal layer which presents the cholesteric phase which was arranged on said display 
screen and pinched between the 1st substrate and the 2nd substrate, The whorl pitch of the 
liquid crystal molecule which constitutes said liquid crystal layer in said liquid crystal layer is the 
natural whorl pitch PO. 1st big whorl pitch P1 A means to impress the 1st electric field so that it 
may become, To said liquid crystal layer, the whorl pitch of said liquid crystal molecule is said 1st 
whorl pitch PI. 2nd big whorl pitch P2 It is characterized by providing the liquid crystal shutter 
equipped with a means to impress the 2nd electric field so that it may become. Moreover, the 
color picture display of this invention is characterized by providing the liquid crystal shutter 
which pinched the liquid crystal layer which presents a means to display the image which has the 
gradation according to color information on the display screen, and the cholesteric phase which 
is arranged on said display screen and has the wavelength of selective reflection light between 
the 1 st substrate and the 2nd substrate in an ultraviolet region. 

[0017] Moreover, a means by which the color picture display of this invention displays the image 
which has the gradation according to color information on the display screen. The liquid crystal 
layer which presents the cholesteric phase which was arranged on said display screen and 
pinched between the 1 st substrate and the 2nd substrate, The whorl pitch of the liquid crystal 
molecule which constitutes said liquid crystal layer in said liquid crystal layer is the natural whorl 
pitch PO. 1st big whorl pitch P1 A means to impress the 1st electric field so that it may become, 
To said liquid crystal layer, the whorl pitch of said liquid crystal molecule is said 1st whorl pitch 
P1. 2nd big whorl pitch P2 Between a means to impress the 2nd electric field so that it may 
become, and said 1 st substrate and said 2nd substrate The intermolecular force committed 
between said liquid crystal molecules is the natural whorl pitch PO of said liquid crystal molecule. 
It is characterized by providing the liquid crystal shutter possessing the polymer constituent 
arranged so that it might become the largest. 

[0018] Moreover, it is suitable for the spectrum of the light which carries out outgoing radiation 
of said display screen, and the selective reflection spectrum of the liquid crystal layer which 
constitutes said liquid crystal shutter to make it correspond. 

[0019] CRT etc. can be used for a display means that what is necessary is just what can 
perform a gradation display to the display screen. A color picture can be displayed using CRT of 
monochrome and gray scale by synchronizing the timing to which the foreground color of a liquid 
crystal shutter is changed, and the modulation timing of the color information on the image 
displayed on the display screen (gradation information on a color). Moreover, in order to obtain 
the bigger display screen, you may make it use combining two or more display screens. For 
example, you may make it form the display screen which continued not only combining single 
CRT but combining two or more CRT. 

[0020] Even if it is which case, it is suitable to combine and arrange so that the emission 
spectrum of display means, such as fluorescence tubing, and the selective reflection spectrum of 
the liquid crystal layer which constitutes a liquid crystal shutter may overlap, for example. 
[0021] The liquid crystal shutter of this invention namely, by impressing the electric field 
(horizontal electric field) of a direction parallel to a substrate side to the liquid crystal layer 
which presents the cholesteric phase pinched between substrates, and changing the whorl pitch 



of the liquid crystal molecule which constitutes a liquid crystal layer The wavelength of the 
transmitted light or (selection) the reflected light is controlled, high permeability, a high-speed 
response, and a wide-field-of-view angle are realized, and the color picture display of this 
invention is a display which displays a color picture using the liquid crystal shutter of such this 
invention. The liquid crystal shutter of this invention For example, the substrate of the pair 
countered and arranged, A means to impress electric field parallel to said substrate to the liquid 
crystal layer which is pinched between said substrates and presents a cholesteric phase, and 
said liquid crystal layer is provided. By modulating the whorl pitch length of the liquid crystal 
molecule which constitutes a liquid crystal layer by said electric field at the high speed for about 
1 or less ms, the wavelength (for example, theee primary colors, such as red, green, and blue) of 
the selective reflection light of a liquid crystal layer or the transmitted light of a liquid crystal 
layer can be switched to a high speed. 

[0022] For this reason, it is PO by stabilizing the whorl pitch in the natural condition of 
cholesteric liquid crystal or a chiral pneumatic liquid crystal by the liquid crystal shutter of this 
invention. The relaxation process from the condition P1 (> PO) that the pitch which cannot be 
leaked is long is accelerated. For example, a liquid crystal molecule is the whorl pitch length PO 
about a liquid crystal layer and the polymer matter. By making it live together so that it may 
sometimes become stability most, it is PO. An energy difference with the condition that the pitch 
which cannot be leaked is long becomes large. Whorl pitch length P1 A condition to whorl pitch 
length PO Since it is inversely proportional to the energy difference between 2 conditions that 
pitch length differs, the relaxation time to a condition is the whorl pitch length PO. By stabilizing 
a condition, a relaxation rate can be made quick and the working speed of a liquid crystal shutter 
can be accelerated. 

[0023] Moreover, at the liquid crystal shutter of this invention, it is the whorl pitch PO in the 
natural condition of cholesteric liquid crystal or a chiral pneumatic liquid crystal. The wavelength 
of the transmitted light and the reflected light is controlled by making between two or more 
conditions that the pitch which cannot be leaked is long (between the pitches P2 it is not made 
to take whorl pitch P1, for example, and PO <P1 <P2) change. The elastic strain energy of a 
liquid crystal molecule is the natural condition PO. It is the smallest, and where a pitch is made 
longer than this, it has bigger elastic strain energy, therefore, whorl pitch PO of a natural 
condition 2nd big whorl pitch P2 from — the relaxation rate to the 1st whorl pitch P1 (P1 <P2) 
can be accelerated, and time amount which transition takes can be shortened. 
[0024] By the liquid crystal shutter of this invention which has such a configuration For example, 
make two or more bigger conditions than the natural whorl pitch of a liquid crystal molecule 
correspond to transparency or the wavelength which carries out selective reflection. (For 
example, P1 which makes P2 and R (red) P1 and G (green) correspond [ B (blue) ] to P3, P2, and 
P3 are larger than P0) Since it becomes things, it is the whorl pitch P0. As for a condition, a blue 
twist will also correspond to a short wavelength side (ultraviolet side). Therefore, by the liquid 
crystal shutter of this invention, the wavelength of the selective reflection light in electrical- 
potential-difference the condition of not impressing will be shifted to an ultraviolet side rather 
than the visible region, for example. By constituting a eel in this way, wavelength control of the 
transmitted light and selective reflection light can actually be performed by making between the 
conditions that elastic energy is larger than a natural condition change. 
[0025] Two configurations mentioned [ in / furthermore / this invention ] above, i.e., the 
configuration which accelerates a relaxation process by stabilizing a liquid crystal molecule 
according to intermolecular force with the polymer nature matter, and whorl pitch P0 of a natural 
condition You may make it constitute a liquid crystal shutter combining the configuration which 
accelerates a relaxation rate by making two or more big conditions change. For example, the 
whorl pitch of the liquid crystal molecule when controlling the wavelength of the transmitted light 
and selective reflection light is PO. It is made to become long. While being made to carry out in 
the condition (for the wavelength of the selective reflection light corresponding to the whorl 
pitch P0 of the natural condition of a liquid crystal molecule to be shifted to an ultraviolet side 
rather than a visible region at this time) that the elastic strain energy of liquid crystal 
intramolecular is bigger Pitch P0 which cannot make able to distribute it and illuminate the 
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polymer nature matter You may make it stabilize a condition. By doing in this way, the relaxation 
time of the whorl pitch of the liquid crystal molecule when controlling the wavelength of the 
transmitted light and selective reflection light becomes still shorter, and electric-optical 
response can make it a high speed more. 

[0026] The color picture displays of this invention are the liquid crystal shutter of this invention 
which has the above configurations, and a display which displays the image which has the 
gradation according to color information on the display screen and which combined CRT etc., for 
example. For example, the image displayed on the display screen can be displayed as a color 
picture by arranging the liquid crystal shutter of this invention on the display screen of CRT of 
monochrome (gray scale) display, and synchronizing the timing of intensity modulation, and the 
timing of a change of the foreground color of a liquid crystal shutter. 

[0027] It can use, if the liquid crystal layer which presents a cholesteric phase is obtained as an 
ingredient which constitutes the liquid crystal layer of the liquid crystal shutter of this invention. 
Moreover, the mixture which you may make it use not only combining a single liquid crystal 
ingredient but combining two or more kinds of liquid crystal ingredients, and contains ingredients 
other than liquid crystal further is sufficient. As a component of such a liquid crystal layer, 
cholesteric liquid crystal, a nematic liquid crystal, the mixture of a chiral agent, etc. can be 
mentioned, for example. Moreover, it is necessary to make method phase transition temperature 
of the liquid crystal first class of the liquid crystal layer to be used higher than the maximum 
temperature at the time of operating the color picture display which used the liquid crystal 
shutter of this invention, and this. Therefore, as for the method phase transition temperature of 
the liquid crystal first class of a liquid crystal layer, it is desirable to set it as about 60 degrees C 
or more, and it should just set it as about 85 degrees C or more more preferably. On the other 
hand, it is necessary to make crystal 1 liquid-crystal transition temperature of a liquid crystal 
layer lower than the minimum temperature which operates the color picture display which used 
the liquid crystal shutter of this invention, and this. Therefore, the crystal 1 liquid-crystal 
transition temperature of a liquid crystal layer is [ about ]. -It is desirable to set it as about 10 
degrees C or less, and it is [ about ] more preferably. -What is necessary is just made to make it 
about 40 degrees C or less. 

[0028] Moreover, as for the twist elastic modulus K22 of the viewpoint which realizes a color 
change in about 1 or less ms which becomes indispensable in order to control a color flicker to 
liquid crystal, it is desirable to set up more than about 5 pN extent, and it is more desirable to 
set up more than about 6 pN extent. Similarly, as for the rotation coefficient of viscosity gamma 
of liquid crystal, it is desirable to set up smaller than about 200 mPa-s extent, and it is more 
desirable to set up smaller than about 150 mPa-s. Moreover, as for the average refractive index 
n of liquid crystal, it is desirable to set up so that it may become larger than about about 1 .5. and 
it is more desirable to set up so that it may become larger than about about 1 .55. 
[0029] Half-value-width deltalambda of the selective reflection spectrum of a liquid crystal layer 
is expressed with delta lambda=delta nxP. Since each color of red, green, and blue will be chosen 
from the emission spectrum of fluorescence tubing when it constitutes a color picture display for 
the liquid crystal shutter of this invention combining monochrome fluorescence tubing, it is 
suitable to set up deltan so that the selective reflection spectrum of a liquid crystal shutter may 
cover enough the spectral band width of the emission spectrum of a fluorescent substance. 
[0030] Furthermore, it is desirable to use the extremely stable liquid crystal ingredient to the 
temperature change of a foreground color, i.e., the ingredient with a small dependency to the 
temperature change of whorl pitch length, from a viewpoint which controls the shift of the 
foreground color accompanying a temperature change. When it is difficult to control the 
temperature dependence of a foreground color with a single liquid crystal ingredient, the 
temperature dependence of a foreground color should just use two or more chiral agents from 
which temperature dependence, such as forward and negative, differs. 

[0031] The polymer nature matter which sets at the liquid crystal shutter of this invention, and 
distributes in a liquid crystal layer and it is made to contain is the natural pitch length P0 about 
cholesteric liquid crystal. What is necessary is just to arrange so that it may set and may 
stabilize most. For example, the polymerization nature matter is made to coexist with a liquid 



Of w> I • * *S 



crystal layer, and cholesteric liquid crystal is the natural pitch length PO. By being made to carry 
out a polymerization in the condition of having, the intermolecular force of the liquid crystal 
molecule of the condition at the time of a polymerization and the polymer nature matter can 
become large. It is not limited and especially the component of such polymer nature matter is 
general formula R1-S1-M-S2-R2. You may make it use a constituent which is displayed. 
[0032] 
[Formula 1] 

R l ~ s l " M " s 2 " R 2 

iztf L-M-. -IS i -» Rj-, -S 2 -> -R 2 ttW*tf£rF 

-<BX2H2>-. -<°X°>. -<°K>. 

o o 
-{o>- c -o -(oy o- c -(o)- t 

^Lo-®-®-oJ-<o>-. 

0 CH 3 O O 0 

-S r : -<CH 2 >- n > "(CH 2 > B 0-. (n-O-ie)i 
R,-: CHX-CYCOn-. CHX-CHY-, CX-CY-. 

X-,Y-: H-. CH 3 (CH 2 V, -(5)- C 1 B r 
I- r NC-, 
-S 2 -: N C-, -S r 

R 2 -: fXL, -Rx iHU 

Moreover, it is desirable that compatibility with the liquid crystal ingredient to mix is good. You 
may make it use the polymer of the polymerization nature matter which combines a meso gene 
part with intramolecular and presents liquid crystallinity from this point. As a meso gene part of 
the polymer nature matter, a phenyl group, a biphenyl radical, a terphenyl radical, a phenyl 
cyclohexyl radical, a biphenyl cyclohexyl radical, a phenyl dicyclohexyl radical, an azobenzene 
radical, an azoxybenzene radical, a ** NJIRI DIN aniline radical, a stilbene radical, a tolan radical, 
etc. can be mentioned, for example. 

[0033] What is necessary is for the mixture of the oligomer guided from monomers or oligomer, 
and monomers to be sufficient, and to carry out polymerization hardening of this with heat or 
light, to carry out in a polymer, and just to obtain a macromolecute from the point of selection of 
a polymerization nature monomer or reactivity, or viscosity as polymerization nature matter. It is 
more desirable to use the polymer of the ingredient which has a photoresist from the point of 
the ease of polymerization control. As a polymerization nature monomer or oligomer, the mono- 
acrylic monomer which carries out polymerization hardening by UV irradiation or oligomer, a 
J1AKURIRU monomer, or oligomer can be mentioned as a suitable ingredient, for example. 
[0034] In addition, the alpha position of a vinyl group and/or the hydrogen like beta may be 
permuted by the phenyl group, the alkyl group, the halogen radical, the cyano group, etc. The 
matter which has the structure expression shown, for example in Table 1 as a polymerization 
nature monomer used as the ingredient matter of the polymer nature matter can be mentioned. 
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Moreover, as what it is marketed and can come to hand easily, Kaya Rudd etaDDalpha, Kaya 
Rudd MANDalpha, Kaya Rudd etachi-220, Kaya Rudd HX-620, Kaya Rudd R-551, Kaya Rudd R- 
712, Kaya Rudd R-604, Kaya Rudd R-167 (above, Nippon Kayaku Co., Ltd. make), AKURI ester 
BZ, AKURI ester etachi, and AKURI ester etaP (above, Mitsubishi Rayon Co., Ltd make) etc. can 
be used, for example. 

[0035] Moreover, in order to perform a polymerization promptly, you may make it use a 
polymerization initiator, in case the polymer nature matter arranged with a liquid crystal molecule 
is formed, in order to stabilize the whorl pitch of a liquid crystal layer. As what it is marketed and 
can come to hand easily that what is necessary is just what is suitable for the monomers to 
choose and oligomer as a photopolynwization initiator DAROKYUA 1 1 73 (product made from 
Merck), DAROKYUA 1116 (product made from Merck), IRGACURE 184 (product made from Ciba 
Geigy), IRGACURE 651 (product made from Ciba Geigy), IRGACURE 907 (product made from 
Ciba Geigy), the kaya cure DETX (Nippon Kayaku Co., Ltd. make), the kaya cure EPA (Nippon 
Kayaku Co., Ltd. make), etc. can be mentioned. What is necessary is just to add the addition of a 
photopolymerization initiator from a viewpoint which maintains the retention of liquid crystal 
highly as opposed to monomers and oligomer in about 5 or less % of the weight of the range 
preferably. Moreover, a polymerization nature monomer or oligomer is made to contain modifiers, 
such as a cross linking agent, a surfactant, a polymerization promotor, a chain transfer agent, 
and a photosensitizer, if needed, and you may make it use for it. 

[0036] As the production approach of the liquid crystal layer containing the polymer nature 
matter in the liquid crystal shutter of this invention, it is the natural whorl pitch length P0 of 
cholesteric liquid crystal as mentioned above, for example. To set and what is necessary is just 
made to carry out the polymerization of the polymerization nature matter. Moreover, it is 
desirable at this time to photopolymerize, after making the mixture of a polymerization nature 
monomer or oligomer, the liquid crystal ingredient matter, etc. pinch between substrates. Under 
the present circumstances, a medium can be made into the transparence condition instead of a 
light-scattering condition by controlling optical exposure reinforcement and optical irradiation 
time. Furthermore, the structure of a medium can also be more minutely controlled by controlling 
the medium temperature at the time of a polymerization. In addition, not to be limited and what is 
necessary is just made to carry out by approaches, such as vacuum impregnation, suction 
impregnation, and spreading, especially as an approach of making a transparence medium 
pinching between substrates. 

[0037] As long as the electric field of a direction (field inboard of a liquid crystal layer) parallel to 
said substrate can be impressed, you may make it what kind of thing used for the electrode for 
impressing an electrical potential difference to a liquid crystal layer in the liquid crystal shutter 
of this invention. As an electrode which has translucency, membranes can be formed by a 
spatter etc. and the thin film of ITO (indium tin oxide) can be used, for example. Various 
electrode materials, such as aluminum, nickel, copper, silver, gold, and platinum, can be used for 
electrodes, such as a reflector with which transparency is not demanded. Moreover, what is 
necessary is just made to perform electrode formation of a up to [ a substrate ] by the usual 
approaches, such as vacuum evaporationo, sputtering, and a photolithography. Moreover, you 
may make it arrange an electrode only in one substrate among the substrates of the pair which 
pinches a liquid crystal layer, and may make it arrange it in both substrates. The electric field 
where it is more uniform to arrange an electrode can be impressed to both substrates. When it 
desires homogeneity of the further electric field, you may make it arrange so that a column-like 
electrode may be pinched between the substrates which pinch a liquid crystal layer. You may 
make it make a pillar-shaped electrode also bear the function of a spacer to specify the 
magnitude of a substrate gap, at this time, so that it may mention later. 
[0038] Glass, plastics, a ceramic, etc. can be used that what is necessary is just what has 
reinforcement sufficient as a substrate, the insulation, and transparency which constitute the 
liquid crystal shutter of this invention, and which pinch a liquid crystal layer. Moreover, it will not 
be limited especially if it is within the limits which does not spoil reinforcement about thickness. 
[0039] An insulating thin film may be made to form in the electrode surface which impresses 
electric field to a liquid crystal layer by the liquid crystal shutter of this invention. As an 
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ingredient of an insulating thin film, it does not have the reactivity or the solubility over a liquid 
crystal ingredient, and if it is insulation electrically, it will not be limited especially in quality of 
the material. Moreover, you may make it arrange such an insulating thin film all over the liquid 
crystal layer pinching side of not only an electrode surface but a substrate. Moreover, you may 
make it use such insulating film as orientation film. 

[0040] As a component of the insulating film, inorganic substances, such as the organic 
substance, such as polyimide, a polyamide, polyvinyl alcohol, polyacrylamide, cyclized rubber, 
novolak resin, polyester, polyurethane, acrylic resin, bisphenol resin, or gelatin, and silicon oxide, 
and silicon nitride, etc. can be mentioned, for example. What is necessary is to make it use a 
Langmuir-Blodgett's technique (LB law), vacuum deposition, etc. in which copy the 
monomolecular film formed on spreading by the spin coat, and the water surface, it carries out a 
laminating on an electrode substrate, and a thin film is made to form as the formation approach 
of the orientation film, and just to choose the approach suitable for the component of the 
insulating film. Moreover, although the thickness of an insulating thin film is not limited especially 
if electrical-potential-difference impression to a liquid crystal layer can be performed enough, it 
is desirable to arrange thinly in the range which does not spoil insulation from a viewpoint of a 
low-battery drive. What is necessary is for rubbing, a photo alignment, slanting vacuum 
evaporationo, etc. just to be made to perform that what is necessary is generally just made to 
perform orientation processing to an insulating thin film to abbreviation parallel in the electrical- 
potential-difference impression direction. What is necessary is just to use various spacers in this 
invention, in controlling more the magnitude of the gap between the substrates which pinch a 
liquid crystal layer, and homogeneity to accuracy. You may make it a spacer sprinkle a spherical 
spacer and a cylindrical spacer by the electrostatic sprinkling method etc, to the liquid crystal 
layer pinching side of a substrate. Moreover, spacers approach at the time of substrate 
combination, and since it is difficult to make a spraying consistency into homogeneity, you may 
make it arrange a column-like insulator at fixed spacing on a substrate, as the spacer ingredient 
sprinkled to a substrate — insulation — and it does not react or dissolve with the liquid crystal 
molecule to be used, if stability distributes on a substrate, it is not limited especially in quality of 
the material, and inorganic oxides, such as macromolecules, such as divinyl BENSEN and 
polystyrene, or an alumina, and a silica, etc. can be used. The thing narrow as much as possible 
of the particle size distribution of the spacer to be used is desirable. You may make it form by 
the photolithography method etc., and may make it form by printing etc. as an approach of 
making a pillar-shaped object forming at fixed spacing on an electrode substrate. As the 
ingredient, it cannot have the reactivity or the solubility over a liquid crystal ingredient, but the 
photopolymer of an insulating positive type or a negative mold etc. can be used electrically. For 
example, although what photopolymer-ized polyimide, a polyamide, polyvinyl alcohol, 
polyacrylamide, cyclized rubber, novolak resin, polyester, polyurethane, acrylic resin, bisphenol 
resin, or gelatin can be mentioned, generally the photosensitive polyimide of a negative mold is 
desirable. 

[0041] You may make it use the same liquid crystal layer of two sheets of whorl bearing by the 
liquid crystal shutter of this invention combining two or more liquid crystal layers and lambda/2 
plate which were made into the unit as mentioned above. As for lambda/2 plate to be used, it is 
desirable to use a phase contrast plate which wavelength lambda is the main wavelength of the 
selective reflection of a cholesteric phase and the adjusted thing, and is high permeability. 
[0042] Moreover, you may make it use by the liquid crystal shutter of this invention combining 
two or more same liquid crystal layers of whorl bearing, and a polarization conversion sheet and 
lambda/4 plate as mentioned above, lambda/4 plate may be combined with a commercial linearly 
polarized light conversion sheet, and you may make it use the red who has the same whorl 
bearing, green, and blue combining three cholestericHiquid-crystal optical elements which carry 
out selective reflection, for example as a sheet which changes no polarizing into the right or the 
left-handed circularly-polarized light. 

[0043] You may make it use monochrome fluorescence tubing as a display means in the display 
of this invention, for example. It will not be limited especially if it is the so-called monochrome 
type of thing which has red, green, and a mixed blue fluorescent substance. Moreover, two or 
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more sets of electron ray fluorescence tubing is set, and you may make it use it for large screen 
displays. In the display of this invention, when there are red of monochrome fluorescence tubing, 
green, and a wavelength component that cannot be covered by the red of a liquid crystal shutter, 
green, and the blue selective reflection spectrum among blue emission spectra, the color purity 
of the display screen will fall. Therefore, in order to secure color purity, it is suitable to make it 
make the selective reflection spectrum of a liquid crystal shutter and the emission spectrum of 
fluorescence tubing correspond, for this reason you may make it make the wavelength 
component which cannot be covered by the selective reflection spectrum of a liquid crystal 
shutter among the emission spectrums of the red of fluorescence tubing, green, and blue in a 
liquid crystal layer contain the coloring matter which has absorption. Moreover, what applied 
coloring matter to the transparence substrate is also combinable with a liquid crystal shutter. 
[0044] Moreover, in order to secure a wide-field-of-view angle in the liquid crystal shutter of 
this invention, and a display, you may make it combine the means which makes parallel the 
incident light to a liquid crystal shutter, and the means for making outgoing radiation light from a 
liquid crystal shutter into a wide angle. 
[0045] 

[Embodiment of the Invention] This invention is explained below at a detail. 
[0046] (Operation gestalt 1) Here, the basic configuration and its actuation of the liquid crystal 
color shutter of this invention are explained. Drawing 1 is drawing showing roughly the example 
of the configuration of the liquid crystal color shutter of this invention. Drawing 1 (a) shows signs 
that drawing 1 (b) impressed driver voltage to the liquid crystal layer for signs that driver voltage 
is not impressed to a liquid crystal layer, respectively. 

[0047] The ctenidiumHike electrode 14 arranged so that this liquid crystal color shutter might 
pinch the liquid crystal layer 13 which presents a cholesteric phase between the 1st substrate 
1 1 and the 2nd substrate 12 and might form the electric field of a direction parallel to the 
direction of a field of the 1st substrate 1 1 and the 2nd substrate 12 to the liquid crystal layer 13 
at the 1st substrate 1 1 is arranged. Drawing 2 is drawing showing roughly the example of the 
pattern seen from [ of the liquid crystal molecule of a ctenidiumHike electrode ] the screw axis, 
and expands and shows some electrode patterns with which conductor-layer 14a was arranged 
by the INTADIJITARU configuration. Driver voltage is supplied to this ctenidiumHike electrode 
14 with the electrical-potential-difference impression means 15, horizontal electric field are 
impressed to the liquid crystal layer 14, and the wavelength of the transmitted light of the liquid 
crystal layer 1 3 or the wavelength of the selective reflection light by the liquid crystal layer 13 is 
controlled by changing the whorl pitch of the liquid crystal molecule which constitutes the liquid 
crystal layer 1 3. 

[0048] The liquid crystal layer 13 at the time of unHmpressing [ of driver voltage ] as shown in 
drawing 1 (a) is the whorl pitch length P0 of a natural condition. Planar structure is taken. When 
the average refractive index of liquid crystal is set to n at this time, the liquid crystal layer 13 is 
lambda=nxP 0. The light which has the wavelength of the selective reflection field centering on 
the wavelength lambda specified is reflected. Pitch length Pi for which the whorl pitch length of a 
liquid crystal molecule can be extended and which it cannot illuminate as shown in drawing 1 (b) 
if liquid crystal layer 1 3 driver voltage is impressed It becomes planar structure and the 
wavelength of selective reflection light shifts to a long wavelength side. Therefore, selective 
reflection light can be set as the three primary colors of additive mixture of colors, i.e., red, 
green, and blue by controlling applied voltage. For example, if the whorl pitch of the liquid crystal 
molecule corresponding to driver voltage Vi is set to Pi Since Pi changes according to Vi, 
wavelength nxPi of the selective reflection light at the time of the whorl pitch Pi The three 
primary colors of additive mixture of colors, Namely, by setting it as red, green, and blue, the 
wavelength of the selective reflection light of the liquid crystal layer 13 can be changed to red, 
green, and blue, therefore a liquid crystal color shutter can be operated by carrying out. 
[0049] When switching the wavelength (for example, three primary colors) of the reflected light 
and considering as a liquid crystal color shutter, selective reflection light can be used as it is. On 
the other hand, it is necessary to remove from the incident light to the liquid crystal layer 13 
among the three primary colors like the color picture display of this invention at the ** case 
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which switches and uses the three primary colors of the transmitted light by making right-and- 
left both the circular polarization of light component of two colors into selective reflection light. 
[0050] (Operation gestalt 2) In order to impress the more uniform electric field in the 
perpendicular direction of the substrate which pinches the liquid crystal layer 13 as arrangement 
of the electrode which forms electric field in a liquid crystal layer to a liquid crystal layer, you 
may make it use the pillar-shaped electrode 16 as shown in drawing 3 instead of a ctenidiunrHike 
electrode like drawing 2 in the liquid crystal color shutter of this invention: Drawing 3 is drawing 
showing roughly another example of the configuration of the liquid crystal color shutter of this 
invention. Drawing 3 (a) shows signs that drawing 3 (b) impressed driver voltage to the liquid 
crystal layer for signs that driver voltage is not impressed to a liquid crystal layer, respectively. 
In using the ctenidiunrHike electrode 14, it is difficult to obtain uniform electric field in the 
direction of a normal of a substrate, and the reinforcement of the electric field formed in a field 
distant from an electrode among the liquid crystal layers 13 as compared with electrodes, such 
as an electrode surface, and the field which approached becomes small. For this reason, the 
whorl pitch length of a liquid crystal molecule becomes short [ near the electrode ], and the 
spectrum of selective reflection light is on a short wavelength side in broadcloth. On the other 
hand, if the pillar-shaped electrode 16 is used, since uniform electric field can be formed 
according to the direction of a normal of a substrate, the spectrum of selective reflection light 
does not become broadcloth. However, you may make it control efficiently 

reflection/transparency of the emission spectrum of fluorescence tubing using the phenomenon 
in which the spectrum of selective reflection light mentioned above becomes broadcloth to 
mention later. 

[0051] (Operation gestalt 3) Below, actuation of the liquid crystal color shutter of this invention 
is explained roughly. Although the wavelength of the transmitted light or selective reflection light 
is controlled by the liquid crystal color shutter of this invention by making between the planar 
structures from which whorl pitch length differs change, it is the relaxation process which cannot 
perform change in the shorter structure of whorl pitch length by electric field, and this process 
becomes rate-limiting, when realizing a high-speed response. 

[0052] Two configurations mentioned above in the liquid crystal color shutter of this invention, 
i.e., the configuration which accelerates a relaxation process by stabilizing a liquid crystal 
molecule according to intermolecular force with the polymer nature matter, and whorl pitch P0 of 
a natural condition High-speed electric - optical response is realized by making two or more big 
conditions change by adopting the configuration which accelerates a relaxation rate. 
[0053] For drawing 4 , the liquid crystal molecule which constitutes a cholesteric phase is the 
natural whorl pitch length rho 0. As stabilized in the condition, it is drawing showing typically the 
example which arranged the polymer nature matter 17 between substrates with the liquid crystal 
layer 1 3. 

[0054] Thus, in order to make a liquid crystal layer distribute and contain the macromolecule to 
which the polymerization of the polymerization nature matter was carried out, the polymerization 
nature matter is made to pinch between the 1 st substrate 1 1 and the 2nd substrate 1 2 with the 
ingredient which constitutes the liquid crystal layers 13, such as a liquid crystal ingredient. At 
this time, the liquid crystal layer 13 chooses a substrate gap and whorl pitch die length so that a 
planar array may be carried out. If a liquid crystal ingredient and an ingredient with high 
compatibility, for example, the polymerization nature matter which presents liquid crystallinity, 
are used as polymerization nature matter, the planar structure which the polymer nature matter 
17 which carried out polymerization nature distributed on micro level to the liquid crystal 
ingredient or the chiral agent can be acquired. The polymer nature matter 1 7 formed of the 
polymerization as it illustrated that the polymerization nature matter carried out a polymerization 
to drawing 4 (a) at this time, for example, an optical exposure etc., is the natural whorl pitch 
length rho 0 about liquid crystal molecule 13a. It stabilizes, where a planar array is carried out. 
For this, interactions, such as intermolecular force of liquid crystal molecule 1 3a and the polymer 
nature matter 17, are the natural whorl pitch length rho 0. It is because it becomes large. 
[0055] P0 of liquid crystal molecule 13a which constitutes the liquid crystal layer 13 if a polymer 
is arranged as mentioned above The elastic energy in a condition is reduced and it stabilizes 



JP-A-H1 1-142823 



14/31 "S— v 



more. Therefore, it is the whorl pitch length Pi by electrical-potential-difference impression. An 
energy difference with the planar structure (rhoO <rhoi) which became long can be made to 
increase. An electrical potential difference is cut from the condition which carried out electrical- 
potential-difference impression, and it is the natural whorl pitch length rho 0 from whorl pitch 
length rhoi (rhoO <rhoi). The relaxation time to a condition is inversely proportional to the energy 
difference between 2 conditions that whorl pitch length differs. Therefore, the transition rate 
from a condition to the shorter condition that the whorl pitch of a liquid crystal molecule is long 
can accelerate, and the working speed of a liquid crystal color shutter can be enlarged. 
[0056] (Operation gestalt 4) Next, it is the whorl pitch P0 of a natural condition. The liquid 
crystal color shutter of this invention which adopted the configuration which two or more big 
conditions are made to change, and accelerates a relaxation rate is explained. 
[0057] Drawing 5 is the whorl pitch P0 of a natural condition. It is drawing for explaining the 
liquid crystal color shutter of this invention which makes two or more big conditions change. 
Drawing 5 (a) is whorl pitch Pi =P0 of a liquid crystal molecule. Drawing 5 (b) is the situation of 
the eel of a case Whorl pitch Pi =P1 of a liquid crystal molecule Drawing 5 (c) is the situation of 
the eel of a case Whorl pitch Pi =P2 of a liquid crystal molecule The situation of the eel of a 
case is shown typically, respectively. 

[0058] A liquid crystal layer is made for two or more bigger conditions (for example, Pi -P1, Pi 
=P2, etc.) than the natural whorl pitch of liquid crystal molecule 1 3a to correspond to 
transparency or the wavelength of light which carries out selective reflection by the liquid crystal 
color shutter of this invention, for example, whorl pitch P1 the time — B (blue) and whorl pitch 
P2 the time — G (green) — moreover — although illustration is omitted — whorl pitch P3 it is - 
- make R (red) sometimes correspond — what is necessary is just to carry out for obtaining And 
whorl pitch Pi of a liquid crystal molecule The wavelength of the transmitted light of a liquid 
crystal layer or selective reflection light is controllable by impressing driver voltage to a liquid 
crystal layer to be set to P1. P2, and P3. 

[0059] As mentioned above, at the liquid crystal color shutter of this invention, it is the whorl 
pitch PO in the natural condition of cholesteric liquid crystal or a chiral pneumatic liquid crystal. 
The wavelength of the transmitted light and the reflected light is controlled by making between 
two or more conditions that the pitch which cannot be leaked is large (between the whorl pitch 
PI. the whorl pitch P2, and the whorl pitches P3 and P0 <P1 <P2 <P3) change, for example, 
whorl pitch P0 of a natural condition Big whorl pitch P2 from — whorl pitch P1 A relaxation 
process and whorl pitch P3 from — whorl pitch P2 A relaxation process can be accelerated and 
time amount which a state transition takes can be shortened. 

[0060] Whorl pitch length rhoi Energy Ei which can be set It can express with epsiloni -IK22(2 
pi/rho 0-2 pi/rho i) 2} / 2. Therefore, if lambda 1, lambda 2. and the average refractive index of 
liquid crystal are set to n. the selective reflection wavelength in pitch length Pi -rhoi which 
cannot be compared and taken into pieces, and Pi =rho2 (rhoO <=P1 <rho2). respectively Energy 
difference deltaE between two planar structures from which this whorl pitch length differs (-E2 
ED deltaE=2pi2 K22{(1/rho 1)-(1/rho 2)} 
x{(2/P0) -(1/P1)-(1/P2)} 
= 2pi2 K22n2 {(1 /lambda 1 ) - (1 /lambda 2)} 
x {(2/lambda) -(1 /lambda 1)- (1 /lambda 2)} 

It becomes. Therefore, in case the liquid crystal color shutter of this invention is constituted, it 
is the natural whorl pitch length rho 0 of a liquid crystal molecule. What is necessary is just to 
define the mixed rate, while choosing a liquid crystal ingredient and a chiral agent so that a small 
value may be taken. In this case, it is the whorl pitch length Pa in minimum wavelength in the 
selective reflection field set up in the eel of one liquid crystal color shutter. Natural whorl pitch 
length P0 What is necessary is just to make it always impress an electrical potential difference 
(bias voltage), since it becomes long. Moreover, natural whorl pitch length P0 What is necessary 
is just to define a minimum in consideration of the relation (Vi-Pi) of electrical-potential- 
difference 1 whorl pitch length. At the liquid crystal color shutter of this invention which has 
such a configuration, it is the whorl pitch P0. A condition does not correspond to wavelength, 
such as B (blue). G (green), and R (red), and is the whorl pitch P0. As for the eel of the liquid 



crystal color shutter of a condition, a blue twist will also correspond to a short wavelength side 
(ultraviolet side). In the liquid crystal color shutter of this invention, the wavelength of the 
selective reflection light in electrical-potential-difference the condition of not impressing can 
perform wavelength control of the transmitted light or selective reflection light by making 
between two or more larger conditions of elastic energy change rather than a natural condition 
by constituting a eel so that it may shift to an ultraviolet side rather than a visible region, for 
example. 

[0061] By the liquid crystal color shutter of this invention, wavelength control of the transmitted 
light of the liquid crystal layer corresponding to the whorl pitch of a liquid crystal molecule or 
selective reflection light is accelerable to for example, extent about 1 or less ms by adopting 
such a configuration. In addition, you may make it use for the method and coincidence which 
make the polymer nature matter which carried out point ** contain combining this technique. 
[0062] (Operation gestalt 5) The liquid crystal color shutter of this invention possessing two or 
more liquid crystal layers from which whorl bearing of a cholesteric phase differs next is 
explained. 

[0063] First, the polymer nature matter is distributed and it is Pi =P0. The case where a 
condition is stabilized is explained. Drawing 6 is drawing showing roughly the example of the 
configuration of the liquid crystal color shutter of this invention. This liquid crystal color shutter 
carries out the laminating of two or more eels from which whorl bearing of a cholesteric-liquid- 
crystal layer differs, in order to control the wavelength of the transmitted light. Here, the 
example which constitutes a liquid crystal color shutter from a eel, the eel 21 which carries out 
selective reflection of the blue at the time of electrical-potential-difference un-impressing, a eel 
22 and the eel 23 which carries out selective reflection of the green at the time of electrical- 
potential-difference un-impressing, and a eel 24, of four sheets is explained. Whorl bearing 
reflects a right-handed-circularly-polarized-light component in clockwise direction, and, as for a 
eel 21 and a eel 23, whorl bearing reflects a left-handed-circularly-polarized-light component in 
counterclockwise direction, as for a eel 22 and a eel 24. Moreover, applied voltage is controlled 
so that a eel 23 and a eel 24 carry out selective reflection of the red by a eel 21 and a eel 22 
carrying out selective reflection of the green at the time of electrical-potential-difference 
impression. Here, eels 21, 22, 23, and 24 are similarly constituted in the liquid crystal color 
shutter of this invention which was mentioned above. 

[0064] Drawing 7 is drawing showing the example of the selective reflection spectrum of the 
liquid crystal color shutter illustrated to drawing 6 . The selective reflection light spectrum of the 
group of a eel 21 and a eel 22 serves as a profile 32 at the time of a profile 31 and electrical- 
potential-difference impression at the time of electrical-potential-difference un-impressing, and 
the selective reflection light spectrum of the group of a eel 23 and a eel 24 serves as a profile 
33 at the time of a profile 32 and electrical-potential-difference impression at the time of 
electrical-potential-difference un-impressing. With the combination of electrical-potential- 
difference impression and not impressing, out of the three primary colors of additive mixture of 
colors, one color can be chosen and it can display. [ of 2 sets of these eels 21, 22, 23, and 24 J 
[0065] Drawing 8 is drawing for explaining the color of the transmitted light corresponding to the 
time of electrical-potential-difference impression of the group of a eel 21 and a eel 22, and the 
group of a eel 23 and a eel 24, and un-impressing. Moreover, drawing 9 is drawing showing the 
transmitted light spectrum corresponding to the time of the electrical-potential-difference 
impression to the group of the eel which constitutes the liquid crystal color shutter of this 
invention, and un-impressing, and drawing 9 (a), drawing 9 (b), and dravying 9 (c) show the 
transmitted light spectrum corresponding to the time of electrical-potential-difference 
impression of the group of a eel 21 and a eel 22, and the group of a eel 23 and a eel 24, and un- 
impressing, respectively. In addition, especially the location sequence of a eel is not limited. It is 
the whorl pitch length Pi of a liquid crystal molecule so that red, green, and the one blue three 
primary colors each may be included in four kinds of combination at least further again about 
which color of the transmitted light is made to correspond to a total of four kinds of combination 
at the time of un-impressing and impression of an electrical potential difference to 2 sets of eels 
respectively. Applied voltage Ei It is not limited especially as long as it controls. Next, a whorl 
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pitch is PO. The case where make two or more big conditions change, and the transmitted light is 
controlled is explained. In this case, a whorl pitch is PO. The 1st electrical potential difference E1 
which becomes large The eel 21 which carries out selective reflection of the blue at the time of 
impression, a eel 22, and the 1st electrical potential difference E1 The example which 
constitutes a liquid crystal color shutter from a eel of four sheets of the eel 23 which carries out 
selective reflection of the green at the time of impression, and a eel 24 is explained. Whorl 
bearing reflects a right-handed-circularly-polarized-light component in clockwise direction, and, 
as for a eel 21 and a eel 23, whorl bearing reflects a left-handed-circularly-polarized-light 
component in counterclockwise direction, as for a eel 22 and a eel 24. Moreover, the 2nd 
electrical potential difference E2 A eel 21 and a eel 22 carry out selective reflection of the green 
at the time of impression, and it is the 2nd electrical potential difference E2. At the time of 
impression, a eel 23 and a eel 24 control applied voltage to carry out selective reflection of the 
red. In this case; the selective reflection light spectrum of the group of a cel. 21 and a eel 22 is 
the 1st electrical potential difference EL.They are a profile 31 and the 2nd electrical potential 
difference E2 at the time of impression. Becoming a profile 32 at the time of impression, the 
selective reflection light spectrum of the group of a eel 23 and a eel 24 is the 1st electrical 
potential difference El. They are a profile 32 and the 2nd electrical potential difference E2 at the 
time of impression. It becomes a profile 33 at the time of impression. One color can be chosen 
and displayed out of the three primary colors of additive mixture of colors by controlling the 
applied voltage of 2 sets of these eels 21, 22, 23, and 24. At this time, according to this 
invention, time amount of the state transition to the selection condition of other colors from the 
selection condition of one certain color can be shortened, therefore the speed of response of a 
liquid crystal color shutter can be made into a high speed, and display quality can be improved. 
[0066] (Operation gestalt 6) The example which constituted the liquid crystal color shutter of 
this invention using 3 sets of eels from which whorl bearing of a cholesteric phase differs next is 
explained. Drawing 10 is drawing showing roughly the example of the configuration of the liquid 
crystal color shutter of this invention. Also in this case, the configuration is used for all the eels 
that constitute a liquid crystal color shutter like the liquid crystal color shutter of this invention 
which was mentioned above. 

[0067] First, the polymer nature matter is distributed and it is Pi =P0. The case where a 
condition is stabilized is explained. In this case, at the time of electrical-potential-difference 
impression, the liquid crystal color shutter is set up so that a eel 41, a eel 42 and a eel 43, a eel 
44 and a eel 45, and a eel 46 may carry out selective reflection of the one color each of additive 
mixture of colors in three primary colors at the time of electrical-potential-difference un- 
impressing, and so that the wavelength field of selective reflection light may correspond to an 
infrared-region side. 

[0068] And in this example, whorl bearing of a cholesteric phase is set as clockwise twining, and, 
as for eels 41, 43, and 45, whorl bearing of a cholesteric phase is set as counterclockwise 
twining, as for eels 42, 44, and 46. Moreover, the eel 45 and the eel 46 were set up so that 
selective reflection of the blue glow might be carried out, and they are set up at the time of 
electrical-potential-difference impression so that the wavelength field of the selective reflection 
light of all eels may turn into an infrared region, so that a eel 43 and a eel 44 may carry out 
selective reflection of the green light at the time of electrical-potential-difference un- 
impressing, as a eel 41 and a eel 42 carry out selective reflection of the red light. By adopting 
such a configuration, an electrical potential difference can be impressed to one of 3 sets of eels, 
and the 2 remaining sets can choose the condition that the transmitted light becomes one color 
in three primary colors, by supposing electrical-potential-difference un-impressing. In addition, 
especially the location sequence of a eel is not limited also in this case. 

[0069] Next, a whorl pitch is P0. The case where make two or more big conditions change, and 
the transmitted light is controlled is explained. In this case, for a liquid crystal color shutter, a eel 
41, a eel 42 and a eel 43, a eel 44 and a eel 45, and a eel 46 are Pi =P1. The 1st corresponding 
electrical potential difference E1 It is Pi =P2 so that selective reflection of the one color each of 
additive mixture of colors in three primary colors may be carried out at the time of impression. 
The 2nd corresponding electrical potential difference E2 At the time of electrical-potential- 



difference impression, it has set up so that the wavelength field of selective reflection light may 
correspond to an infrared-region side. 

[0070] And in this example, whorl bearing of a cholesteric phase is set as clockwise twining, and, 
as for eels 41. 43, and 45, whorl bearing of a cholesteric phase is set as counterclockwise 
twining, as for eels 42. 44. and 46. moreover, the 1st electrical potential difference E1 at the time 
of impression, a eel 45 and a eel 46 are set up so that selective reflection of the blue glow may 
be carried out, so that a eel 43 and a eel 44 may carry out selective reflection of the green light, 
so that a eel 41 and a eel 42 may carry out selective reflection of the red light — having the 
2nd electrical potential difference E2 the time of electrical-potential-difference impression 
being alike — it has set up so that the wavelength field of the selective reflection light of all eels 
may turn into an infrared region. By adopting such a configuration, the 2nd electrical potential 
difference can be impressed to one of 3 sets of eels, and the 2 remaining sets can choose the 
condition that the transmitted light becomes one color in three primary colors, by considering as 
the 1 st electrical-potential-difference impression. In addition, especially the location sequence of 
a eel is not limited also in this case. 

[0071] (Operation gestalt 7) Below, the example from which whorl bearing of a cholesteric phase 
constituted the liquid crystal color shutter of this invention combining two or more same liquid 
crystal layers and lambda/2 plate is explained. Drawing 1 1 is drawing showing roughly the 
example of the configuration of the liquid crystal color shutter of this invention, this liquid crystal 
color shutter — coincidence — control or the 1 st electrical potential difference E1 of 
impression and not impressing The 2nd electrical potential difference E2 Two eels 51, in which 
control is performed, eels 52 and eels 53, and eels 54 are alike, respectively, it receives, and 
lambda / 2 phase-contrast plates 55 and 56 are arranged. [ of an electrical potential difference ] 
What is necessary is for a eel 51 . a eel 52, and a eel 53 and a eel 54 to be eels of the same 
configuration respectively here, and just to make it constitute like the liquid crystal color shutter 
of this invention which was mentioned above. 

[0072] The group which consists of lambda/2 plates installed the two same eels and between 
them supports the group by which whorl bearing is constituted from drawing 6 in one eel each of 
a right hand wind coil and an eft hand wind coil. What is necessary is just to choose lambda/2 
plate to be used in consideration of the wavelength of the selective reflection light at the time of 
a drive. 2 sets of location sequence and especially whorl bearing are not limited. While the degree 
of freedom in ingredient selection called selection of a chiral agent spreads by this method using 
lambda/2 plate as compared with using the two same eels or the case where whorl bearing uses 
every one eel of a right hand wind coil and an eft hand wind coil, respectively since it can do, it 
is advantageous also in respect of a manufacturing cost Although a general approach uses one 
pair of optical isomers of dextro-rotatory and levorotation in order to produce the eel of the 
same natural whorl pitch length and the same temperature characteristic in a right hand wind coil 
and counterclockwise direction, the optical isomer of the optical activity of the method of either 
- is usually because acquisition is difficult compared with another side. 
[0073] (Operation gestalt 8) Drawing 12 is drawing showing roughly the example of the 
configuration of the liquid crystal color shutter of this invention. This example shows the 
configuration which uses one lambda/2 plate by the whole liquid crystal color shutter. By this 
liquid crystal color shutter, that eel 61a of the same configuration, eel 61b and eel 62a, and one 
eel 62b should just be arranged at each both sides of lambda/2 plate 63, respectively, as long as 
this is satisfied, especially the location sequence of a eel is not limited. 

[0074] Although drawing 1 1 and drawing 1 2 showed the case where illustrated to drawing 6 and 2 
sets of eels [ like ] were used. 3 sets of eels which were illustrated to drawing 10 may be used. 
[0075] (Operation gestalt 9) Below, the polarization conversion sheet which changes no 
polarizing into the right-handed circularly polarized light or the left-handed circularly-polarized 
light, changed circular polarization of light bearing, and whorl bearing of a cholesteric phase 
explain the liquid crystal color shutter of this invention possessing the same cel. 
[0076] Drawing 1 3 is drawing showing roughly the example of the configuration of the liquid 
crystal color shutter of this invention. In this case, since the light which should control 
wavelength by the liquid crystal color shutter is changed into the circular polarization of light 
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component of the method of either - in the phase which carries out incidence to a eel, a small 
number of eel can constitute a liquid crystal color shutter from the configuration explained so 
far. What is necessary is just to use the polarization conversion sheet changed into the left- 
handed circularly-polarized light, in using a left hand wind cholesteric phase using the 
polarization conversion sheet which changes no polarizing into the right-handed circularly 
polarized light in using a right hand wind cholesteric phase. In order to realize the polarization 
conversion sheet which consists of a linearly polarized light plate of an absorption mold, and 
lambda/4 plate, or higher permeability as such a polarization conversion sheet, you may make it 
use the polarization conversion sheet which and changes incident light [ **** /-less ] into the 
circular polarization of light by the multiple echo by the side of the light source. [ while ] 
[0077] It explains taking the case of the case where the polarization conversion sheet 73 with 
which all the transmitted lights turn into the right-handed circularly polarized light now is used. 
When all the light that penetrated the polarization conversion sheet 73 turns into the right- 
handed circularly polarized light, as for both the eel 71 of two sheets, and the eel 72, whorl 
bearing uses a clockwise cel. The eel 71 and the eel 72 are equivalent to the eel 21 of the liquid 
crystal color shutter of this invention illustrated to drawing 6 , respectively, and the eel 23 here. 
[0078] In addition, although the liquid crystal color shutter of a configuration of having illustrated 
to drawing 13 is equivalent to the liquid crystal color shutter of this invention illustrated to 
drawing 6 , you may make it adopt the eel configuration equivalent to the liquid crystal color 
shutter of this invention illustrated to drawing 10 , for example using three eels. Moreover, 
especially the location sequence of a eel is not limited. 

[0079] (Operation gestalt 10) The color picture display of this invention is explained here. The 
color picture display of this invention is equipped with the liquid crystal color shutter of this 
invention which was mentioned above, and an unit or two or more monochrome fluorescence 
tubing, and performs a color picture display. 

[0080] Drawing 1 4 is drawing showing the configuration of the color picture display of this 
invention roughly, and shows the example which combined the display 80 which arranged two or 
more monochrome fluorescence tubing 81 in all directions, and constituted the one-display 
screen, and the liquid crystal color shutter 20 of this invention constituted from four eels 21 , 22, 
23, and 24 which were illustrated to drawing 6 . Colour selection of the transmitted light is 
performed by the liquid crystal color shutter 20 corresponding to color information, and, as for 
the white light which has the gradation according to the color information which carried out 
outgoing radiation from the display screen of a display 80, one color is displayed among [ in 
additive mixture of colors ] the three primary colors. In order to synchronize the display timing to 
the display screen of the image which has the gradation corresponding to color information, and 
the change timing of a liquid crystal color shutter which colors that image, the synchronous 
circuit 82 is used in this example. By this synchronous circuit 82, by taking the synchronization 
of the raster generator 83 and a control circuit 84, selection of the foreground color of the liquid 
crystal color shutter 20 and the display of monochrome (gray scale) image which has the 
gradation information corresponding to a foreground color can be synchronized, and can be 
performed. Since the change of the transmitted light or selective reflection light can be switched 
at the high speed for about 1 or less ms by adopting the above configurations, a flicker can be 
reduced and the high color picture of display grace can be expressed as the liquid crystal color 
shutter of this invention which constitutes the display of this invention, in addition, the liquid 
crystal color shutter of this invention which was illustrated, for example to drawing 10 , drawing 
11 . drawing 1 2 , drawing 13 , etc., without restricting the liquid crystal color shutter which is 
combined and is used for a display to the configuration illustrated to drawing 6 — the various ** 
**** — things are made. 

[0081] (Operation gestalt 1 1) For example, it is suitable to set up so that the emission spectrum 
of fluorescence tubing and the selective reflection spectrum of a liquid crystal color shutter 
which constitute a display 80 from a electrochromatic display of this invention which illustrates 
to drawing 10 and has a configuration [ like ] in order to secure high color purity may be 
overlapped. 

[0082] Drawing 1 5 is drawing for explaining the relation between the spectrum of the light which 
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carries out outgoing radiation of the display screen of a display, and the selective reflection 
spectrum of a liquid crystal color shutter. Drawing 15 shows the example of the emission 
spectrum of monochrome fluorescence tubing as a profile 91. Here, since the light of the 
wavelength field which is not covered among the emission spectra of fluorescence tubing by the 
selective reflection spectrum of the liquid crystal layer of a liquid crystal color shutter always 
penetrates a liquid crystal color shutter, it is difficult light to secure high color purity. 
[0083] The high color purity of the transmitted light is securable by setting up natural whorl pitch 
length, selective reflection wavelength width of face, and applied voltage so that the red in a 
liquid crystal color shutter, green, and a blue selective reflection spectrum may be respectively 
set to 94, 93, and 92. In addition, when unnecessary wavelength components, si*ch as an 
emission spectrum of the wavelength region which cannot be covered by the selective reflection 
spectrum, exist, coloring matter which absorbs the light of the wavelength field is arranged in a 
liquid crystal layer etc., and you may make it absorb it. In this case, it may mix in a liquid crystal 
layer, or you may make it apply coloring matter to a substrate. Moreover, you may make it use 
the thing which made another transparent sheet etc. apply or pinch coloring matter. 
[0084] Although the color change of the transmitted light has mainly been described, you may 
make it apply this invention about the color change of the reflected light in old explanation. 
[0085] (Operation gestalt 12) The still more concrete operation gestalt of this invention is 
explained below. 

[0086] The polymer nature matter was made to live together in a liquid crystal layer, the liquid 
crystal color shutter of this invention of a configuration of stabilizing the ground state of a liquid 
crystal molecule was produced, and the property was evaluated. 

[0087] 10 micrometers of electrode **** and the ctenidiunrHike electrode 14 with an electrode 
spacing of about 10 micrometers which become the 1st substrate 11 (0.7mm in thickness) which 
consists of glass from MoW were formed with the conventional method. Next, the cast of the 
polyimide (AL-1051: Japan Synthetic Rubber Co., Ltd. make) was carried out to the thickness of 
about 70nm by the spinner at ctenidiunrHike electrode 14 forming face, and it was made into the 
insulator layer. The insulator layer was formed also in the liquid crystal pinching side of another 
2nd substrate 12 (0.7mm in thickness) which similarly consists of an insulating material which 
has the translucency of glass etc. 

[0088] Next, rubbing was given with the conventional method to both insulator layers. Under the 
present circumstances, the direction of rubbing was performed so that it might become the 
direction of the electric field at the time of electrical-potential-difference impression, and 
abbreviation parallel. 

[0089] Next, the epoxy adhesive for lamination was given to the position on the insulator layer 
front face of the 2nd substrate 12 with which the ctenidiunrHike electrode 14 is not arranged, 
and the resin spacer ball with a diameter of about 5 micrometers was sprinkled by electrostatic 
spraying etc. on the insulator layer front face of the 1st substrate 1 1 with which the ctenidium- 
like electrode 14 has been arranged. 

[0090] Then, lamination and a perimeter were sealed so that an insulator layer might counter two 
substrates mutually. As a liquid crystal layer 1 3 pinched between the 1 st substrate 1 1 and the 
2nd substrate 12, nematic liquid crystal (product made from E48:muerck) 50wt% and chiral agent 
(product made from CB15:Merck) 50wt% were mixed, next, this liquid crystal mixture 95wt%, the 
polymerization nature monomer 1, 4-JI (4-(6 - (acryloyloxy) KISHIRU oxy-) ** NZOIRU oxy-)-2- 
methylbenzene 5wt%, and a polymerization initiator (product made from IRGACURE 651:Ciba 
Geigy) — a polymerization nature monomer — receiving — about 0.5 wt(s)% — the added 
mixture — a law — it poured in by the method, the impregnation section was also closed, and 
the liquid crystal color shutter was produced. 

[0091] When a blue selective reflection light by the planar structure of a cholesteric phase was 
measured in this condition, it checked that it was the main wavelength of about 450nm. The 
high-pressure mercury lamp was used for this eel, the ultraviolet radiation exposure was 
performed, and the polymerization nature monomer was polymer-ized. The optical exposure 
reinforcement in this process made about 100 mW/cm2, wavelength of about 365nm, and 
irradiation time about 1 minute. The selective reflection color of the liquid crystal layer enclosed 
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in the eel is before and after the exposure of ultraviolet rays, and hardly changed, but made this 
the eel (right hand wind coil) 21 . 

[0092] Next, using an optical isomer with a chiral agent (product made from CB15:Merck) as a 
chiral agent, the eel 22 (eft hand wind coil) was produced in the same way as a eel 21, and blue 
selective reflection (main wavelength of 450nm) was checked. 

[0093] Furthermore, except having mixed nematic liquid crystal (product made from E48:Merck) 
59wt%, and chiral agent (product made from CB15:Merck) 41wt%, the eel 23 (right hand wind coil) 
was produced in the same way as a eel 21. and a green selective reflection light (main 
wavelength of 550nm) was checked. 

[0094] Next, except having mixed opticaHsomer 41wt% of the chiral agent (product made from 
CB15:Merck) nematic liquid crystal (product made from E48:Merck) 59wt%, the eel (eft hand wind 
coil) 24 was produced in the same way as a eel 21 , and a green selective reflection light (main 
wavelength of 550nm) was checked. 

[0095] Thus, the laminating of the produced eels 21. 22, 23. and 24 was carried out to sequence, 
and the liquid crystal color shutter of this invention was produced. 

[0096] The eel 23 and the eel 24 set up driver voltage so that selective reflection light might 
serve as red at the time of electrical-potential-difference impression, so that a eel 21 and a eel 
22 might become green [ selective reflection light ] at the time of electrical-potential-difference 
impression. So that the transmitted light of a liquid crystal color shutter may serve as red to all 
the eels 21, 22, 23. and 24 at the time of electrical-potential-difference un-impressing Moreover, 
so that the transmitted light of a liquid crystal color shutter may become green when driver 
voltage is impressed only to a eel 23 and a eel 24 When an electrical potential difference was 
furthermore impressed to all eels, it set up so that the transmitted light of a liquid crystal color 
shutter might become blue, and it checked that one color could be chosen as the transmitted 
light among the three primary colors of additive mixture of colors. 

[0097] Thus, the working speed in the case of the color change of the liquid crystal color shutter 
of constituted this invention was measured. For 0.6ms, in electrical-potential-difference 
impression to the time of un-impressing, the response time is 0.9ms and was able to perform the 
high-speed color change in 1 or less ms by electrical-potential-difference un-impressing to the 
time of impression. In addition, when the response time which produces the same liquid crystal 
color shutter as the former which does not contain a macromolecule in a liquid crystal layer for a 
comparison, and a color change takes was measured, the response time was 1 .9ms for 0.6ms at 
electrical-potential-difference impression to the time of un-impressing at electrical-potential- 
difference un-impressing to the time of impression. When the electrochromatic display of a field 
sequential method which was illustrated to drawing 14 by the conventional liquid crystal color 
shutter was produced, the problem of color mixture or a color flicker was produced. 
[0098] Thus, a high-speed electro-optics response is realizable by shortening time amount which 
change of the die length of the whorl pitch of the liquid crystal molecule which constitutes the 
liquid crystal layer which presents a cholesteric phase from a liquid crystal color shutter of this 
invention takes, especially time amount which changes from the condition that a whorl pitch is 
long, to a short condition. Moreover, in the display of this invention, by adopting the liquid crystal 
color shutter which carries out high-speed operation, a color flicker can be reduced sharply and 
display quality can be improved. 

[0099] (Operation gestalt 13) The elastic energy of a liquid crystal molecule produced the liquid 
crystal color shutter of this invention of a configuration of making two or more bigger conditions 
change, and the property was evaluated. 

[0100] First, opposite arrangement of the 1st substrate and 2nd substrate was carried out like 
the operation gestalt 1 2, and the perimeter was sealed. 

[0101] next, the liquid crystal constituent which consists of nematic liquid crystal (product made 
from E48:Merck) 44wt%. and chiral agent (product made from CB15:Merck) 56wt% — a law — it 
poured in by the method and considered as the eel 21 (right hand wind coil). Moreover, nematic 
liquid crystal (product made from E48:Merck) 44wt%. and opticaHsomer 56wt% of CB1 5 Nematic 
liquid crystal (product made from E48:Merck) 51wt%. and 49(product made from CB15:Merck) 
wt%. The eel poured in between substrates by using nematic liquid crystal (product made from 



E48:Merck) 51wt% and optical-isomer 49wt% of CB15 as a liquid crystal constituent was 
produced as a eel 22 (eft hand wind coil), a eel 23 (right hand wind coil), and a eel 24 (eft hand 
wind coil), respectively. 

[0102] The eel 21 and the eel 22 were [ 375nm, the eel 23, and the eel 24 of the main 
wavelength of the selective reflection / these / light at the time (Pi =P0) of electrical-potential- 
difference un-impressing / of a eel ] 460nm. The laminating of the eels 21. 22. 23, and 24 was 
carried out to sequence, and the liquid crystal color shutter of the same configuration as drawing 
6 was produced. 

[0103] and the time of impressing the 1st electrical potential difference to each eel which 
constitutes such a liquid crystal color shutter — the selective reflection light of a eel 21 and a 
eel 22 — the selective reflection light of blue (main wavelength of 450nm), a eel 23, and a eel 24 
— green (main wavelength of 550nm) — driver voltage was set up like. Moreover, when the 2nd 
bigger electrical potential difference than the 1st electrical potential difference was impressed, 
the selective reflection light of a eel 21 and a eel 22 controlled driver voltage so that the 
selective reflection light of the eel of green (main wavelength of 550nm), a eel 23, and a eel 24 
served as red (main wavelength of 650nm). 

[0104] Thus, by controlling the electrical potential difference impressed to the liquid crystal layer 
which constitutes each eel, one color was able to be chosen from from for the wavelength of the 
light which penetrates a liquid crystal color shutter among red, green, and blue. Furthermore, at 
the time of the time of 2nd electrical-potential-difference impression and the 2nd electrical- 
potential-difference impression from time of the 1st electrical-potential-difference impression to 
1st electrical-potential-difference impression, the response times which the transition between 
selection conditions of each color takes are 0.6ms and 0.9ms, respectively, and were able to 
perform the high-speed color change in 1 or less ms. 

[0105] Thus, at the liquid crystal color shutter of this invention, it is the whorl pitch P0 in the 
natural condition of cholesteric liquid crystal or a chiral pneumatic liquid crystal. The wavelength 
of the transmitted light and the reflected light is controllable at a high speed by making between 
two or more conditions that the pitch which cannot be leaked is long (between the pitches P2 it 
is not made to take whorl pitch PI, for example, and P0 <P1 <P2) change. 
[0106] When the color picture display of this invention which illustrated the above-mentioned 
liquid crystal color shutter to drawing 14 was constituted like the operation gestalt 1 2, it was 
bright and the color flicker was able to display few high images of display grace on the big 
screen. 

[0107] (Operation gestalt 14) The polymer nature matter was made to live together in a liquid 
crystal layer, the liquid crystal color shutter of this invention of a configuration of stabilizing the 
ground state of a liquid crystal molecule was produced, and the property was evaluated. Here, 
the example which produced the liquid crystal color shutter of this invention which was 
illustrated to drawing 10 is explained using 3 sets of liquid crystal cells from which whorl bearing 
differs. 

[0108] Like the eels 21. 22. 23, and 24 produced with the operation gestalt 12. eels 41. 42. 43. 
and 44 were produced and a eel 45 (right hand wind coil) and a eel 46 (eft hand wind coil) were 
further produced at the time of electrical-potential-difference un-impressing. [ as / whose 
selective reflection light is red (main wavelength of 650nm) ] 

[0109] As liquid crystal mixture before adding a polymerization nature monomer, the eel 45 used 
nematic liquid crystal (product made from E48:Merck) 66wt%, and chiral agent (product made 
from CB15:Merck) 34wt%, and the eel 46 used nematic liquid crystal (product made from 
E48:Merck) 66wt%. and optical-isomer 34wt% of CB15. Thus, laminating arrangement of the 
produced eels 41, 42, 43, 44, 45. and 46 was carried out at sequence, and the liquid crystal color 
shutter of this invention was produced. In addition, in order to prevent the reflection of the gap 
of each eel which carried out the laminating, and dispersion, it may be made to carry out the 
laminating of each eel through the oil matched with the refractive index of a liquid crystal layer. 
[01 10] In all the eels 41, 42, 43. 44, 45. and 46, driver voltage was controlled so that the 
wavelength of the selective reflection light at the time of electrical-potential-difference 
impression served as an infrared region. Thus, the color of the transmitted light was able to be 
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chosen from red, green, and the blue three primary colors as the liquid crystal color shutter of 
constituted this invention by impressing an electrical potential difference at any one group 
among 3 sets of eels, a eel 41 , a eel 42 and a eel 43, a eel 44 and a eel 45, and a eel 46. And 
when the working speed was measured, it is completely the same as that of the operation gestalt 
1 2, and the color change was able to be performed at the high speed for 1 or less ms. 
[01 1 1] Moreover, when the color picture display of this invention which illustrated the above- 
mentioned liquid crystal color shutter to drawing 14 was constituted like the operation gestalt 
12, it was bright and the color flicker was able to display the high image of little display grace on 
the big screen. 

[01 12] (Operation gestalt 15) The example which produced the liquid crystal color shutter of this ° 
invention as shown in drawing 1 2 f combining 2 sets of eels of four sheets and lambda/2 plate 
with the same whorl bearing next is explained. 

[01 13] It prepared respectively at a time the eel 21 produced with the operation gestalt 12, a eel 
23 and the eel 61 which has the same configuration, and two eels 62. And each eel and lambda/2 
plate were put in order in order of a eel 61, the eel 62, lambda/2 plate, the eel 61, and the eel 62, 
and the liquid crystal color shutter was produced so that one sheet might come the eel 61 and 
eel 62 of the same configuration at a time to the both sides of lambda/2 plate 65, respectively. 
[0114] Thus, the working speed in the case of the color change of the liquid crystal color shutter 
of constituted this invention was measured. For 0.6ms, in electrical-potential-difference 
impression to the time of un-impressing, the response time is 0.9ms and was able to perform the 
high-speed color change in 1 or less ms by electrical-potentiat-difference un-impressing to the 
time of impression. 

[0115] Thus, a high-speed electro-optics response is realizable by shortening time amount which 
change of the die length of the whorl pitch of the liquid crystal molecule which constitutes the 
liquid crystal layer which presents a cholesteric phase from a liquid crystal color shutter of this 
invention takes, especially time amount which changes from the condition that a whorl pitch is 
long, to a short condition. Moreover, in the display of this invention, by adopting the liquid crystal 
color shutter which carries out high-speed operation, a color flicker can be reduced sharply and 
display quality can be improved. 

[01 16] (Operation gestalt 16) The polymer nature matter is made to live together in a liquid 
crystal layer, and it is the whorl pitch P0 of a liquid crystal molecule. The liquid crystal color 
shutter of this invention of a configuration of stabilizing a condition was arranged on the display 
screen of a display, and the property was evaluated. Here, as the liquid crystal color shutter 
constituted using 2 sets of liquid crystal cells from which whorl bearing [ like ] illustrated to 
drawing 6 differs was illustrated to drawing 14 , it arranged on the display 80 and the color 
picture display was constituted. 

[01 17] When the red of a liquid crystal color shutter, green, and a blue color change were 
synchronized with the image displayed on monochrome fluorescence tubing and were performed 
in 1 or less (for example, 0.8ms) ms. color display of high display grace without a color flicker 
was able to be performed. Moreover, since the color polarizing plate was not used, the 
permeability to the liquid crystal color shutter of the outgoing radiation light of a display could be 
improved sharply, and the bright high display of contrast was able to be performed. 
[01 18] (Operation gestalt 17) The color picture display of this invention of a configuration of that 
the elastic energy of a liquid crystal molecule next combined the liquid crystal color shutter and 
display of this invention of a configuration of making two or more bigger conditions change was 
produced, and the property was evaluated. 

[01 19] The electrochromatic display was produced with the liquid crystal color shutter produced 
with the operation gestalt 13, and two or more monochrome fluorescence tubing juxtaposed in all 
directions. When the red of a liquid crystal color shutter, green, and a blue color change were 
synchronized with the image displayed on monochrome fluorescence tubing and were performed 
in 1 or less (for example, 0.9ms) ms. color display of high display grace without a color flicker 
was able to be performed. Moreover, in the liquid crystal color shutter and color picture display 
of this invention, since the color polarizing plate was not used, the permeability to the liquid 
crystal color shutter of the outgoing radiation light of a display could be improved sharply, and 



the bright high display of contrast was able to be performed. 

[0120] (Operation gestalt 18) Next, the color picture display of this invention was produced with 
the liquid crystal color shutter (2 sets of eels, four sheets) of this invention and the display of 
gray scale which used and constituted the polarization conversion sheet, and the property was 
evaluated. 

[0121] The eel 21 (clockwise twining), the eel 23 (clockwise twining), and circular polarization of 
light conversion sheet which were produced with the operation gestalt 13 were arranged in this 
sequence, and it considered as the liquid crystal color shutter. Next, this liquid crystal color 
shutter has been arranged so that the display screen of the display 80 which consists a circular 
polarization of light conversion sheet side of two or more monochrome fluorescence tubing 81 
juxtaposed in all directions may be touched, and the color picture display was produced. 
[0122] When the red of a liquid crystal color shutter, green, and a blue color change were 
synchronized with the image displayed on monochrome fluorescence tubing and were performed 
in 1 or less (for example, 0.9ms) ms, color display of high display grace without a color flicker 
was able to be performed. Moreover, in the liquid crystal color shutter and color picture display 
of this invention, since the color polarizing plate was not used, the permeability to the liquid 
crystal color shutter of the outgoing radiation light of a display could be improved sharply, and 
the bright high display of contrast was able to be performed. 

[0123] In addition, you may make it each above-mentioned operation gestalt combine the 
example which explained the example of this invention, and was taken up and explained with each 
operation gestalt. 
[0124] 

[Effect of the Invention] It is P0 by stabilizing the whorl pitch in the natural condition of 
cholesteric liquid crystal or a chiral pneumatic liquid crystal according to the liquid crystal color 
shutter of this invention, as explained in full detail above. The pitch which cannot be leaked can 
accelerate the relaxation process from the long condition P1 (> P0), and can accelerate a 
working speed. 

[0125] Moreover, according to the liquid crystal color shutter of this invention, it is the whorl 
pitch P0 in the natural condition of cholesteric liquid crystal or a chiral pneumatic liquid crystal. 
By making between two or more conditions that the pitch which cannot be leaked is long change, 
the wavelength of the transmitted light and the reflected light can be controlled at a control high 
speed, and a working speed can be accelerated. 

[0126] Moreover, by the liquid crystal color shutter of this invention, since it is not necessary to 
use the color polarizing plate which was carrying out rate-limiting [ of the use effectiveness of 
light ], the bright high liquid crystal color shutter of display quality can be offered. 
[0127] According to the color picture display of this invention, by adopting the liquid crystal 
color shutter of above this inventions, it is bright and the color picture which was excellent in 
display grace without a color flicker can be displayed. 
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[Brief Description of the Drawings] 

fDrawinE 11 Drawing showing roughly the example of the configuration of the liquid crystal color 
shutter of this invention. 

[Drawing 2] Drawing showing roughly the example of the pattern of the ctenidiunrHike electrode 
seen from [ of a liquid crystal molecule ] the screw axis. 

[Drawing 3] Drawing showing roughly another example of the configuration of the liquid crystal 
color shutter of this invention. 

[Drawing 4] The liquid crystal molecule which constitutes a cholesteric phase is the natural 
whorl pitch length rho 0. Drawing showing typically the example which arranged the polymer 
nature matter between substrates with the liquid crystal layer so that it may stabilize in the 
condition. 

[Drawing 5] Whorl pitch PQ of a natural condition Drawing for explaining the liquid crystal color 
shutter of this invention which makes two or more big conditions change. 

[Drawing 6] Drawing showing roughly the example of the configuration of the liquid crystal color 
shutter of this invention. 

[Drawing 7] Drawing showing the example of the selective reflection spectrum of the liquid 
crystal color shutter illustrated to drawing 6 . 

[Drawing 8] Drawing for explaining the color of the transmitted light corresponding to the time of 
the electrical-potential-difference impression to the group of the eel which constitutes the liquid 
crystal color shutter of this invention, and un-impressing. 

[Drawing 9] Drawing showing the transmitted light spectrum corresponding to the time of the 
electrical-potential-difference impression to the group of the eel which constitutes the liquid 
crystal color shutter of this invention, and un-impressing. 

[Drawing 10] Drawing showing roughly the example of the configuration of the liquid crystal color 
shutter of this' invention. 

[Drawing 1 1] Drawing showing roughly the example of the configuration of the liquid crystal color 
shutter of this invention. 

[Drawing 1 2] Drawing showing roughly the example of the configuration of the liquid crystal color 
shutter of this invention. 

[Drawing 13] Drawing showing roughly the example of the configuration of the liquid crystal color 
shutter of this invention. 

[Drawing 1 4] Drawing showing the configuration of the color picture display of this invention 
roughly. 

[Drawing 1 5] Drawing for explaining the relation between the spectrum of the light which carries 
out outgoing radiation of the display screen of a display, and the selective reflection spectrum of 
a liquid crystal color shutter. 
[Description of Notations] 
1 1 The 1 st substrate 

12 The 2nd substrate 

13 Liquid crystal layer 

1 3a Liquid crystal molecule 

14 CtenidiunrHike electrode 

15 Electrical-potential-difference impression means 

16 Pillar-shaped electrode 

1 7 Polymer nature matter 

20 Liquid crystal color shutter 

21, 22, 23, 24 .... Cel 
41,42, 43. 44, 45, 46 .... Cel 
51, 52, 53, 54 .... Cel 

55 56 lambda/2 plate 

61a, 61b, 62a, 62b .... Cel 

63 lambda/2 plate 

71, 72, and .... a cel 
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73 Polarization conversion sheet 

80 Display 

81 CRT 

82 Synchronous circuit 

83 Raster generator 

84 Control circuit 
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<fc9k*#c>) ciKftscr. 6*A»e»*p, ©tK 
»tt#ftJ: 0 tJSttftM <**H«) «c»lC"r *c i«c«c 

tt?M!lfCi'7 h L-CO&c&tcft*. -fe;U*c©J:5K: 
^fiS-TiCttcj:*). XBKcaaft. iltR&S*fc©i&g 

«MM1iSC £«:<!: •JtTSCiJtf'C**. 50 



!f$PS^F 1 1 - 1 4 2 8 2 3 
8 

[0 02 5 ] 3 fetttttHBtCfelvCK. _hjfcl/fc2 0© 

aiREM#©«S*«HSJT*£* 

l/C. «fi^rt©?*tti*-»i"P-3&JJ:»)^#ttt«» 
(cottiBWCS^W^f^p, 

h-TSCiCCJttS) rff5<fc 5 tcT*£ 

-S«iK*»»s-tt*tt*i/"r6^e9^p. ©tan 
*5R3e4fc-r*J:9«cL/T<»J:i>. C©J:5CC-r*C<ttc 

[0026] *^©*7-iS«^«S«. -tj£©«fc 
J6 D /cPgii * 4 aMfc*«wBIIB«:fS%T 2> W ^. tf C 
U-x^r-jU) ^7n©CRT©a^i®B±«:^Hj©® 

[0027 ] 4^M©ffllV-»- » >-©iRJWi*«WET 

6nsi©T*n«fflt>-5ci*i-e#4. **t. © 
isstmtciiRe>-r. 2^s«±©«s*m*«*^b^ 

-CflH>S<fc5tcUT&cfc<. S6«cjBUWJW-©*«4*« 
trig^gJ"C4>J:i>. C©«fc^*«a»©«fiR**«iU-C 

5;l/SfO©tB^B!^*^f4Ci3&i"C*S. *yt. fflc^S 
jKSB©ffi©-^tif^taS«. *l6W©?Ka^+ •» 

an©«s-^^Bis^ias«. «*»35Beo'caflt« 

&&J£LhtcKJ£? 4J;^tc-rn«J;t». — ^. ?SSJ1© 

^a-?«aig^as«. *»w©iWis/+9ir-*ij:o f 
<fco<g<r-5^s* j *4. w-st. >saiB©*sa- 

ilUMBP&ftt*. iS^- 1 O'CllSWTtcS^T 

iCtifittf$U<. ct"5»$b<«*<)-4 0*CeKJilT 

[002 8 ] 67 » *-«rjqifi]r2./c«>CC«^. 

gat«:*«j i m sSK«T"c©ew»**sei!r*«.* 
7S»6, «s©^i;n?*i4^S!K, a «. xispNmk 



(6) 1#P8¥ 1 1 -1 4 2 8 2 3 

9 10 

J?*b<.fcJl50mPa- s «fcM3 < BB&T&C £ »«c«^t*. «a«CWUE«aWfc*«jE4lJ:t«li 
U>. */c «ll©¥*WB»r*ntt» ft M^tt<MlttSim©*49Jl**»r»*J: 

<> »1. 5 5ffltJ:»)**<tt*J:9«CRjerac4 [003 l]*»W<0«ftW?*-K*Jl>T. 

[0 02 9) jfiSHOjlJRSW^^i' h;i/©¥fil*iA A te*Ol«f??SP. tc*»i»-c«feSJEItr*«fc 

*-%ajR«^4a^*T*9-iiHMijWBai*«i 10 31^ ab:v^y?*«»#*©B*se***p. ** 

jg T4)Se |»R, -Sa -M-S, -R, T?««S*i*J:9«c* 

[0 0 301 ^K, iSS^b(c#^^a©'>7 h£ j&8J£flH>2><fc ^«:i/-cfcJ:t>o 
W*iJ-rSH£>6». «s%fe©«flSK<t«:»r*«fitt (003 2) 

Rl - Sj - M - S 2 - R 2 

fc«L-Mr. ^3 r . R r . -S 2 -, -R 2 lt«*.«HT«>t*0 

O O 

-®-c-o-©-o-c-@- t 

o o 
-<o>-c -o-^>-<o>-o-ch(o>-, 

O CH a O O 0 

-®-«-0-^-0-c'-®-, -<O>-S-0-<H)-0-CH§h 

-Sj-. -CCH 2 > 0 . KCH 2 )- n 0-. (n = 0~16>; 
R r : CHX-CYC0 2 -. CHX-CHY-, C \ X Q *' / ? Y "' 

X-.Y-: H-. CH 3 (CH 2 > n - ^<0>-. C I -. Br-. 
I-, NC-. 
-S 2 -. H-. NC-. -Si- tHU 
R 2 -: ttL. -»! £0U 



T«iM4*ST 4a^tt»*©# y^-*fflc»*«fc 5 <c 

UTfcM'. #yv-tt«iH©yvy>SIJttiU-ctt. 



[003 3 1 ffi£14«9»£l/Cttffi£te*^-. 



11 

L-ctfy v-*>uriis^^#ij:^cc-rntf<fct». ft 

^J®J©Satt©£>6tt. it^btt*W-rstt*4©* 
'J?'41l>iCt*J:9»iW>. ft-£1£*yv-& 

ft^gfb-f-5^7* ■Jrt^.'v-a&.&^tttf-y 

[0 0 3 4 ] tf-*g©a{fcteJ:tf/£;fctt(8{4 
©*&», 7*^5. T^JUS. ^oy>I. 

I4^ff£&*ft£te*^-£0"t"«:. m^tmiiCTjk 

»FHDDA, *f7';FMANDA. *t?7 K H X 
-220. *+7yKHX-6 2 0, *t7 5-KR-5 
51. #+5?KR-712. *t77KR-604. 

KR- 1 6 7 (WJL. B*{b3£*tS!f) . T*>) 
x*7\>l/BZ. 7#y x^f-Jl/HX. Tfyi^fM 

p (liLh. Eii/-(3>asg) ftn»5cim 

[ 0 0 3 5 ] */c. KMO&^lf » ^*£/£fbS-e 

a+ a 71 173 (Mer c kttSSD . fn*a71 1 
16 (Mer c kttiSf) . ^^+»71 8 4 (C i b 
a Gei?ytt$J) . ^M*>76 5 1 (Ciba 

Ge i gyttS) . -fM=f*79 0 7 (Ciba 
Ge i gyttSS) . *f+a7DETX (B^bMtt 
£f> . *++*7EPA (BtfbJtfetH) texzmf* 

c 7fcft£&flte2Pi©i35fli«w:. ffiao^f* 

*n<mftT »$u<«*^^-s. *y 

(0 03 6) *ft9j®iaii£'+ » * -«c*»w S# y V- 
. rc:tei>Tft£i4^ff£ft£3tf*J:^KTrn«:<fcc>. 



^ga-sp 1 1- 1 4 2 8 2 3 
12 

ii/ttt, tt£fc©-c«&<. ks&a. ® 

5 is a. m^tc^ismic^n^^^ttiit^. 

[0 037] **BJ<D?RS^1» 9 *-fcfcl,>T. 

(«ae©ffiF*3^ifij) ©mtifcEPttrrscttf-cssi® 

7c. g«±^©S®JfcJi£tt^. ^»*U>y. 7* 

I- y v^57 ^ & i'ji^:o^ffi-c?f 5 «t ^ KTfttf «fc 
(,>. sfc. ^w?siiJi£#^-r *-**©»«© 5 *> - 

#©S«©*&cl2irrsJ:Mco-c«>J:i,>U W^oS 

ij^£;£#<fc9$-&m«£EPtoT*ct#-c£3. 3 

[003 8] ^oig^t » *-£*ftfiST&. fSS 
SBJl4^wu-ct^-5fe©'r*ntfJ;<. 

[0039] sfcfSBJI©®!!^* * #-Ttt. ffiaiicc* 
#*EPJjnT-S^ffi«lffifc:. ^M14?Slg|*J^E£ $ ii-C 4><t 

&cPS5£3tt-S*>©-Cttfc<<>. g/cC©J:5&*e&14WK 
TZ&'HChXb&i.K $7cC©J:^)S«fi^1tM : S:i2|Sj 

[0040] t&tmmvmimftt y 
-<sf. tfyrsh*. *i<y tx;ur;ua-ju. ^vt^ 

ju. ^y^uf>. 7t>'J>\>wa. t^7x/-j« 

$7c«iz5^>^:^©W«l ! ej. S/c. Kib^'J^^. g 
a^y3>^c^©««HS^*^4Ci*i-C*2>. i5(Sl 
®©JK^at btrw. ^t>3-hcc«ts^. *® 

±tcmfi£ 3 n7c#7>^-M ; S:«ieS6Lb«:¥ LHX-o xmm 
0»®*^3Hi-Sv>^5»T • 7"n^x ? h& (L 

^©^fiStt^fC^U^^*®^^^^" *6 

^ttSMI©ilS «S® ^©SEEMlQSr+^f ^Ci 



13 

®EEP»n^ifi]«:0mf «:frft ^ «fc 5 «:-rn««t < , mz. 

« v WLfcElfctt*^--*— WW****— *-£§«©« 

Rgj£Sft5fc©T!W:ft<. «*.tfytfiH^<>'b>. # 
«»*«MI«±«:— jeiHIBI"C»ia0***tt4 ox 

^>*«afettttJBMti/fcfe©'fe*tf*ci*« , r**#. 
HttWfc«*#fi©«#tt#y 4 5 f**»* 
[0 04 1 ) ttr$©<k 9 tcjwwi©***' + 9 $-x 

IS. 6«^tt©n— ft 2 ft©®!!® t UfeUBR 
©jRSIB t A / 2 *i *«*#to*T*i» * <* 9 tc br 

©atRjKi*©ii^ifiSii5^u^4>©-c. *»o«jgja^ 

[00421 «/cfr^©«t 9K5WW!©iK»S' + » 
T«. e»-t*^tt©I§)-ft^»©jffiB B a @i > <B#^8r> 
-K A/4£i£ifi*£frtfTfflt,>SJ: ; 5K:i/-CfcJ: 
l>. jRMB*^*^C>«2EP3fi3t«:S3ferS^- FiL» 

■a*. «*.«. mjR©a«fl«tsaft^-nfA/4«* 

a*to-^ytfc©"e*->Tfe«tt>o. isi— 

r*a». ». iKraMRSW-raaooauaf-y ^fi 

xm l» 4 <fe 9 tC «fc l». 
[0 04 3) #RW©«mKB*c*»W*«m#S4 

a. «©a6K«»**r*. ^to^ae**-*^©* 



t) 1 1-1 4 2 8 2 3 

14 

^. a. *©#&#* ^ * f *© ^ ^isa^ * 9 * -© 
a. #©jw^*^*F*tw>*-t:*ftiuK& 

Ji£#*i<fc -5 1 . ^1BH©e«*WSTJ" 4 C i tc ft 

arc. ttantcsi&s©*. *©jW6^^h^© 

ft l>&gJi£#K:?fciK* *T * « «fc 9 tC L 

lo awatRice****^ *>©*«* 

[0044) *^M)©WBS'+ **J:CHBb* 
SBW«:4Bi,»rff8Wfl *?fc*«tt. flaw » 
$ — .©AJH**WKT «JlJ'+**-a» 

6©a*bte sfc*©*s*ii***>"«* *> «t 5 

[0 04 5) 

20 [0 04 6) <jOS»»l) CC-C. *»«©«** 5 

m 1 tt*IH!<WWI*9— #-<MllJSS©W*«W 
WtC^TB-C**. SI (a) W*lWK*MM»E*eP 

jnurt^ftc^fi^?:. Bi ( b ) liiRSJiccigsttimffi?: 

[0 047) C©K»*9-«/+t»*-B. SS1©S« 
1 1 i»2©Sffil 2<t©ratC3U^7-'J » ZtBZM? 

zmnja 1 3*iw*ufc*>©t?**). *i©wsi i*c 

»?KSJil 3tC*fl,r. l*Ji^2©l 
30 « l 2 ©iS^JSli W«c**©«§«B«r 6 «fc 9 tcffi 
n/c«3ffi«mfiB 1 4 *MER 3 ftT l> 5 . B 2 ISfiStS 

t*^fiB©?SS^^©^^^f fi J* >6 ^ c '' S ^' >CD0!l 

■cwu-ci**.. c©fip#wm«si 4tcmEEn»n#Ki 5 
o, n&m i 3 '&t8«■r^.iSB%^ J ?•©e»■^±^t•^ g^'&S! 

40 [0048)01 (a) tc^r «fc Rtb«s©#En 
JjoB^«:*j w Z>mHM 1 3 tti «*«© 6^t??fiP 

^S^fS^n tt it, mUMl 3WA = nxP. t?« 

1 (b) KS*'TJ:5K«Jia*-©6'tt&e» 
-ce^fv^SPi ©-/U-^-^iftO. iMtRS 
^©iSfiaWHSSW^^FT*. U/cA*oT, EflJJD 
SESMiStSCit, jB!RSM%«M£a&©3JK 
50 &. Tftto^S*. a. «(CR3Er*CiJ&«T?**. P'J^ 
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iiTT-st. p i«v i icfccxmt-rzfoii. 



i 1- 1 4 2 8 2 3 

16 



tfv^P i ©4t©iiiRKat}fe©ifcgnxP i £»n&iB W»S«6*At»«Pi OffiBX&g.il?**.^ 



[0 049] £at3fc©ifcg (0« A tf 3 JMfe) *«MftiLr ttAtttttt 4©&HJI 1 3 4 4 *> «C» 1 

iM#9-t/-».»*-4Tait^Ktt«R£M#**© ©S«l 1 4gf2©S«l 2 4©W«:$ia#;*tt*. C© 
**W«T*C£**-e**. — «itf*IMI©*9 10 itr. jffiS® 1 3 tt^U-^-E^Jf S J: SCtStgRB 

C»**^Ktt3JHe©9%2e©2E6flfR(H36ldE»-* tilttt, ^ B ^*44ffi?S14©i«;c>*m. ffl*.t*MA 

& * . mm 1 7 At**4-*># 9 jWWc s * n u-<;U-c# 

[0 05 0] (*»»»2 >*»«©«»* 5-^*9 »LA:^U-^-«Ht*#SCt*«"C**. C©4*. 

*-Jc4>t»T. «AJl«:m#*J&j£TSS«©iBB4 0 «itt*3KJR«*3Scir«:J:-9'C«*tt«lt**AS**4ia 

■CI*. &AJS1 3*!W*r*»«©«t*rt"CJ:0ift- 4(a) K«wUteJ:5Cc. fi^tecfco-CJfc/jJcSn/ctf 

^cfiW^iS^tcEnftn-rs/cfetc. B2.©J:5&«*tt y v-tt»ft 1 7 «. l 3 a VMj&tAM 9 

mm<DRt>*)ic. «*i<H3Km , *-j:9iMitt**i e ^sp. ^u-^-^ofcttarcaseft-rs. cn 

J: 9Kt/r H3«*JMB©«»**- 20 W«J1»^- 1 3 a4#y?-tt«lftl 74©^5H«** 

i'+»*-©«Wc©SI©«*«BSW«CS^H'e*4. 0 ©tBSffffl* 1 . S«86^t»^«Pi -C**<fr£fc 

3 (a) ttiM»fcKtt*EE*HJtoUri>&^»*T*. ©r&*. 

B 3 ( b ) iat«JMieclBttfKE*a«B l/itaH 1 **^* [0055] ±2!© «fc 9 «C# «; ^-*HOT £ 4 . jRA 

timl/T^ft. ffii®K®Bi 1 4*fflC»S»^«ctt. S& Jl 1 3**fiWS«A#* 1 3 a©P. ©tt»C©»tt 

©ft«^riai(c*d-JS:«J»*»* c timv < . ?sajb 1 x^^-*i<gasn«fc osscje^tra. ofc^t, n 

3©9%««*>6j»c»flWHc»l1*.tfWa«B«c^©« EEEPMcJ:0 6ltoift»f«Pl **S< &o/c:/^-:^ 
ffi£;fi«l,fc^41:b©bT»»£^ft£SiS©&&#>^ -«a <P, <P1 ) i©**/U*-«felWn3**C 
3<tt&. C©fc*>. «flKfi»4Jt«l/riRa»^©6 itfr**. fBBEEP«IUfc««*»6«E*«Jore»^ 
^e»f*W«<*0. jltKJSSftfc©*^ h;l/**5S tf»**Pi (P. <Pi ) *»6B«S6^t» ^fiP 

aauBK^o- f«c«:&. mmm\ B*flin* 30 . ©tt»^©*««Fi»ra. 2 « 

4. S1E©ffiK^(CJ:Di^— ftWt^Jfi-r&C&At «^©x*Jl/^-II«:j£tbWra. LfcA«ot« B W 

•e**fc*. «lRK*fefc©*^* h;U^a-F«:&5 ©6^e»^>Wi>«»*»6**)Jfi^««^©Wja 

ci*5iii,>, /cftiu Jd^L/ZcjltRJEttofc©;*^* h;u ffijWBB&ffcU ittfi#5-2'* 9 *-©*frflPjI&£:*:£ 

jwf©*!*^^ h*©s»/aai*«»WK:«nw* c 0 0 5 6 ) (iembmm > -o^k. i$*i#!s§©6-a^ 

«t9w:i,Tfcja>. e»*p. J:«jfe^:*tt«»©tt»*»s-tt^«wna 

[0051] (%M0g»3) -offjc. *mwWL&*i? flt*wai{br*flWE*a«bfc*»w©iRfi*9-s/* 
-^*»a»-©ttfftcoi,»-c««wtcBi«ir*. *MI vciBHjf*. 

©*A*/9-: *-Ttt. &^e»y«©*tt* [OO57J05IJ, gffittft©6lM,tf 9 *P» 9 
:/U-^H8£ffl*»#3tf£C4JCj;9«j^*fcW: 40 fc**&m©^£^3tt&*ftW©ttA#?--&' 

MiRmSi?t<D&& 1 5:Pffl?Z># i . ZOtthMAtVv* * v *-*8*9!*"£fc©©B^**. B5 ( a) tt&A 

S©J:9&t>18®^©£<bteSimt«£9*Tft9C4;!>ir ^©fc-tiXtfy^Pi = P. ©W&©-feJl'©*?4r. 

*ftt»IMCIjWre*»). «Ol««*ll***JtTM»j«4 05 (b) tt*A#*©6ttA,£ » *P1 = P. ©«£■ 

>i-5©ttc©3aii-c&a. ©H2;i/©«^ t S5 (c) amsi^Hohit^vf- 

[0 052] *»W©««#9-S^f 9*-K*»C»T Pi =Pi ©*i^©*-»W©»?-***l*tl**W«:ml/ 

^*»c*9iS«» ; f*3cje«S**c4K:J:0«MP« [005 81 aWMB©JWI**-ft'+» *-■««, «a 

g^jSjsib-rsfltfiS. */ct*eft$R®©<E>-i*A,tf 9^p ^-i 3 a©e^6•^i^t'--'^<t , J4>^s^^ctt^fc©t«^s§ 

• J:9W>ft»fl)ttltW8#iCilCj:»)|fO (W)^.«Pi = P, . Pi =P» «r. SAa'&S 

flBE*KiWkr**JiS*»fflr*C4tcj:iJlKi!5ica« so jas/c»jl»?JS»TS5fe©iSS«:*fIt.3tt-5. 



[ o o 5 4 ] c©<fc 9 tcn&mmix&svMKfr?- 



(10) 



11-14 2 8 2 3 



17 



18 



6-£A,t:*?^Pi ©i^tcB (W) . fc^A-fc^ ^P, 

©iSKG OH) £. $/c®m^isu-c^^e>^ 

t,>„ ^LT&Il^c^ti-A/t-^Pi * J Pi . P. . 
p^fcS^K:. fc&jfKf^ftE*EP»n<rsc<!:«: 

[0 0 5 9] ttr&©<fc5tc, f 

?*&ii©g^t^-c<D6-t±A,fc'?^p. <fcofce>^ 

p, . e>t^vfp, . fc-e/ce^p. t<or&. p 
. <Pt <p, <p> ) £®£3i*sc£k:J:958© * 

AE = 2tc i K„ { ( 1/Pa ) " 
x { (2/P, ) - ( 1/P» 



10 



e>. 5-t^fv^p* "*©«miMi. $fc0ij*tfe>-t^ 
f-y^p, 6■^•^t•y?p, ^©^ffijssfciSjS 

[0 06 0] * *«P1 1Cte»6***«F-E 

i tt. 

Ei = {K„ (2tc/P. -27C/P1 ) 1 ) /2 
■CStfe-t**. L//c*Jo-CFiJ^«e»^trv^fiP-' =P 
x , Pi =P, (P. ^Pi <P.) CCfcWSiBtRES* 

-^iSraroDx^^^-^AE ( = E, -E, ) tt. 

(1/P, > ) 
) - (1/P, ) ) 



20 



= 2tc* K^n' { ( 1//W 
X { (2/A) - ( 1/A, 

/J\S (,»fil£ t •*> «fc 5 tC^tm <t * -f 9 A-JWta^T* 
££&K*©iS£«£££8{>-5«fc5fc:-rft#<fc^. c © 

— ?©«**9-f * » *-©*A»"ewei/tea 
jRjss*^r£j§&gr©6-eA/fc*7 ?ssp a «. @a* 
e.^t7?fip. j:D6<ftsc sisiiee (>< 

Stt/lt^SP, ©TRBtt. fffi-^t??«© 
Mi(Vi-Pi) fc^iau-cS&SiMC-rtttfJ: 

W^f^P, ©tKS8«. 0fl*.«. B 
(#) . G (ft) . R (B) 1Z£<m&iC.n&>t iCi 
ttfc<. P-it/vf? ?Po OWiCMMI**>-S/+» * 
-©■fe*W*eJ: 9 fcJSKftW <*§*HW> icmi.fi c 
tcc&a. #»»©*»* 9 9 *-K*i,»-ctt. 

a^*fc»a«s«3fe<D»aHWw*. east**® 

cfcO ki$ttx*.ii>¥-©J: 9*#^«&©tKSgfffl*&# 
3 £ c t K «fc *) If *) c i ifi-c # 4. 
[006 1] c©J:^^^»fflT5CitcJ:»)2(E» 

L fcKJUiOaa** fcta»!RK«#©*** 
«fp*mtfifo 1 m s #T«*«:?«flMM-* Ci*'tt 

[0 0 6 2] (HMJSI.5) otfKaU^f y 

^•e^iftjwate *«»©«»■ 

[0 06 3] iJ<y?-tt««*»»S*'CP1 = 



30 



40 



50 



) - (1/A, ) } 
) - (1/A, ) ] 

tt, SE^Enfln^C#«r®JdSlt-ri"fe^2 lit^2 

fi^^T^RmfiS^^JSMt. **2 2 i*^2 4 

EEPJD^tC-fe^2 1 iH2>ib2 2tti^*3ltRJSS ! fL. -fe^ 
2 3 i-feJl/2 4li^=&®!KSItTS<fc 5(CEn*IlSE?:«J 
APT*. CCT. •b;l/2 1. 2 2. 2 3. 2 A\tm^ 

[0 0 64] S7B06(Cfl»l/fcS= B B*7'^+^ 

i-t2^2 2©Jffl<5DiSiRJ5a*fc*'<i' 1*^*^ «ESW«W 
^li^B7 7-f^3 1. fllEEPJjnfSttyu:??--^^ 2 
H2->U2 3<tH2il/2 4©«©aiRSS**X-^i' h 

V'UVy ^Jl/3 3ift6. C<D2H©*^2 1, 2 2. 
2 3.24 ©SEEPflD • ^EPJjn©iffl^t>-liK:<t 9 
fe© 3 Hfe©4J^6 1 fefciStR C- -c^r S C i #T t 

[0 0 6 5 ] E8tt-tz;U2 1 i-feJW2 2©^. -fe^2 3 
i-b-»U2 4©ffi©SEEPJJD^i*E[WJPe#K:*tI&L/cjSja 
^©fe'&SiB^-Sfceiroa-c&i. s/cS9«*B?«© 

E19 (a) . 09 (b) . 09 (c) «-b;U2 
li-fe;U2 2©Jffl. fe;l/2 3 i-te;U2 4©^©SEEP»D 
B$i^EP*0B$K:*H&L/fcS3S7tX^^ hJU<r*n-«*n^ 



(11) 

t?ttftt». 3 2ifcl©-te.>Kc*fl/T&*SE© 

imift • mm&ttctov -sit 4 m 0 ©sa^-eK** ur . 

j^#©£©fe%tt)£$ttSrt>{C-'X>-C«:. 4il<3©iffl 
£fc>#tc#. ft. W©3Mfe*4>ft< £fc&lo^i?<fc 
*ft^f©6^e?»^fiPl £. EPflDSEE i 

$-ex&&yt<»$ffl*:ft'?®-&tc^'ci&wir2>. c© 
ig^ta*. 6-^tr»?-**Pt «»:•)«>*:*< ft 

« 1 ©SE E , EnJD^F«:W*SIRSS*-r * * *2 14t 10 
;U2 2 . $ fcJS 1 ©SEE, EPAnB$tC*&9ttR£&tt-r 4 
■teJU2 3 £H2JU2 4©4«t©-b^e>?Ra* » 
*-*<tJSir*«KOH-CBi?ir*. 48*2 1. *JU2 

3 » 6i*^ffij^*r*PMB#«B**Kit 0. ** 2 

2 £ * * 2 4 tt 6-B-^tt*«^'C^n<B3feR£^«rSI* 
T*. SfcS2©lEE, EPJjnB#CC-feJU2 1 ti2)VZ 2 
WHHMHRKJHU HI 2 ©SEE, WimiCit^)l2 3 
£-fe;U2 4 «^3WJ5SfT-5 «fc 5(CEPflnSE£fti]SP-r 
£>. C©»^{C«. -fe;U2 1 £-fe->U2 2©*B©jltRJ5S* 

3 1. SB2©SEE, EfflHBSWCtt^P^T-f *3 2±fc 
0, -fe;U2 3 £-fe;U2 4©iS©atRJSW^^i' h* 
tt. SIOIEE, EPflnB3«:7'ci7T-OU3 2. SB2© 
SEE, EPJjn^f«7'P7r'f^3 3£ft*. C©2*&© 
-fe>W2 1 . 2 2. 23. 2 4©EPflnSE£fiHJ®-r £C £ 
&c<fc 9 M£igfe© 3 Mfe©f 6 1 fefciltR UTT 
SCii«HtS5. C©i#**^CCJ:n«. 

mmm& % tt©&©wi«« * -r©t^gs^©B#ra * 

©£SgK*ffi*cc L^ D a D® *rfi]±-r 4 c &**-cs 30 
*. 

[0066] (Xtt0£tt6 ) ^«*»W©*ft* 

+• 9 if-*, auxfv 9 *tB©e>-t*A,;fr{£©sft&-fe 
n'3tt*m>T#j£LfcWtcot>Ttfc" I J3-rs. hiob 

-r5-r^r©-feju«. 0rft(sfc<fc v**ft9i©iKA*7 
[006 7] $r. «i<y7-it«iii*»itt3"ttrpi = 

P, ©tt»«SEft3ttfc»£{c-3t»-CttWT*. C© 40 

9 Hs;U4 1 £-teJU4 2 . 

i2JM3ttJH4, -fe^4 5 <b-feJU4 6*1. SE^EP 
JlDB#tcftni*igfe© 3 M&©S 1 &*iitRS9t-r * «fc 5 
k. * u TSEEPtoi$Ktt^«^J«ciStRS«#©» 
ftuwawiw * j: ^ o r c> * . 

[0 06 8] -tl/-rC©WT«. tJM 1 , 4 3. 4 5 
liau^f-'j 9 ^ffl©€»-B'^(4* , «*#tCt93eStv, 
Hs;l/4 2. 4 4. 4 6B3U^V 9^tB©6"&^fii 

AiaE^ttcKSsnrt^. £/c SElfEPflnK5«:«-fe 

;U4 1 £-teJl>4 2 i«^5t : &il!RJSi : f-r4«fc^{C. -fe 50 
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;l/4.3£Hz*4 4£ttif§e:>fc£SiRKifr*J:5(C. i 
tc-bJVA 5 £-te;U4 6 £«Wfe3fc*StKKtrt-£ J: 5tc 
IKESn. SEE[ttnB#{C«r' , <'r©-b;l'©jitRJSftf^;© 
&g$a$#^&i£{cft£±5«ci^l/C»,>£. C© 
£5ft«^&!rr£c£K:«fc9. 3*fi©-te^©5*>. 

i micns.^apmoxm*) ©2*a«sE#Epjjn£f *c 

i-C. jgj&^SM^lfeifti.fcSfttt^iStRT 
■5C£#r*.&°. ftfc. C©i©^Cfe-fe^©l2g)liF?« 

^{cFiuesn-s 4>©-cttftc»„ 

[0 0 6 9] orcc. e>-eA/fc'9*rt*Po <fcD&;*:Sft 
Mfc©1*aS£®f£3 -t*T&ifi*;©fMffii£fir 5 tg^«:^c» 
-O&BJT*. C©J©-&«. JfcS#5-5/* 9*-ti. -b 
;l/4 1 £HzJU4 2. -teJl/4 3£-feJU4 4. -feJl/4 5 £Hr 
M6*5. Pi = P, tC*tIc.T-&^l©SEE 1 EPJJDl$ 
Klra&ilfe© 3 Mfe©& 1 feSrStRKSfr * <fc 5 ic. * 
Pi = P, {CM{CT-5.»2©SEE, SEEP»B$CC 

[0 0 7 0 3 -ei/"CC©0!|-CW:. i2;l/4 1. 4 3. 4 5 
«3 U^f'J 9 *tB©6-tf^tfcaS6#*Ki85£3ft. 
iz;l/4 2. 4 4. 4 6 »3 UXf - 'J v e>t^& 
*i2E##K:t95£ 3 nT ^1©SEE, EPAn 
B#«:«-fe^4 1 £Hz;U4 2 £tt^fe5te£S*RJ5WT 4 <fc 
H2Jl/4 3iH2;l/4 4i«i^&5t€:S!RSW-r4«fc 
*> IC . S fc-fe A- 4 5 £ Hz * 4 6 <!: iS!RJS*f T 

S^^tctaJtSn. M2©SEE, SEEPflnB$«:»«:« 
T^T©i2;U©iIiRKJW:fc©&fi^a j ^^teft 4 
J:^fcl9:^Lri»5. c©«t^ft^fi£*Sffl-r4C£ic 
J: *3 % 3iH©-fe^©^%. lffitC^2©SE5:EPttIL/-C. 
g|«9©2iffl«® l©SEEP*n£-r4C£-C. 2S^3 
Mfe© 1 fe £ ft 4 <fc 5 ftt'JSI'&il^-r 4 C £ #-C # 4 . 
ft*j. C©t&^tc4>-fe;l/©EgJi«5W#{CpR5e$*x4 4> 
©r«ftC»= 

[0 07 1 ] (m&B&l ) ^^{C. au^y»>« 
©P>#^{4* 1 l5l--C&41S^©?8tSM£. A/2«£ 
4iffl*^teH*-C^BJ©«S^-5-- > + 9 f-Zmfcl, 
tcW£-o\,*XWLW?Z>. 01 lttsW&WOttftaS-f 
+ 9 ^-©^©Wl^ttBSWtC^TH-r&i. CWMik 
i]=7-\/* 9^-T?«. [3B#{CSE©EP»n • #EPfln©#J 
1©SEE, £»2©SEE 1 ©*iJifP^T*5 
n4 2o©42^5 1 £-fe;U5 2. -teJl/5 3 £42^5 4© 
-g-n-en{CML/TA/2{4fflS«z5 5. 5 6*iBi9:0-C 
CCC-fe;U5 1 £-fe^5 2. *J<tO'. *^5 

3£-bJU5 4£«SAflSI— ^fiS©-te^T*0. 15^1/ /c 
J:9fc#»9I©S»*7 9-5'i' 9 dr-£[slfi|{c^figT5 

[0 07 2] 2o©|U— b^£-e©ra«:i9:S$n4A/ 

2«-r«}fiR$n-2>ifflw. mz.im6vhi*A,i5iiLMGm 

tfrm<D& 1 o©-b;Ut?^fi£34a4«aicMlSl/'Ci»4„ 
fflt,^5A/2«[«. IgfitlB^tCfcWijl^S*^©^* 
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fctt^tote&mSSftSfc©^*^. A/21S£ 

-e#a©r. 6t^#{4#£&i££©fe;t'£*4v?'*T. 

HRWtt^ttT****. jl^£'^6*-;£©ft©fct4©:)£ 10 
[00731 (HJ60&8 ) 0 1 2 tt#&BJ©?&fl*? 9 

-w**-©«^m*ww«c*-rH"c*a. c© 

tt. HI— «SS©-b^e la. -fed/6 1 b*$«fc^i2^6 2 
a. Hs*8 2bi*«A/2«6 3©Wffll«C*n*tllft 

^-pfBg$nn«<k< . cftfc»jarsiR'3-teJV©eiK 

JBrns^tcffijeSfiSfc©^*^. 20 
[00741 011 *J <fctf0 1 2 "CI*. 0 6 tcAmls? 
^^ifi©^*^*^*^*:* 5 * 01OCC0U 
n%Lfc£ 5 & 3 ©©-fe^ffl^T *> «fcC». 

[0075] (^ssff$s§9 ) o#cc v mmytttFimft 
-cittBj-rs. 

[ 0 0 7 6 ] 0 1 3 U5FftB©iKA*9'-£' + *-© 
1«l£©W£«lEltettK^-r0-Cifc&. C©*§£\ W.$k*? 30 

4r% 6*-*©R«#ii)«*ocsafc3ftT^*fc 

fflt^-SJ; 5Ccrti««tV>. C©<fc5fc<B3teSa&S'- H i 

(0 0 7 7 ] (,>$jg&3fc#T^T;&R<S3fcK:&£<fc^fc 
flBfcSBftS'- H 7 3 *ffll>i«**«Ki o-cumit 
<I3fcgffc->- h 7 3 fctfl ^T«R«* 

*ffi#*#*©-fe^%ffll»*. CCW71, **7 
2tJ. •en^FtiB 6 tcWn L/ fc*JM©iM* — > * 
**-©-fe;U2 1. 3(C*tl5Lrt»S. 50 
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[0078] ft*J0 1 3«C^l»7a*fi)S©iffi*a3--J<' 
+• v $-13:86 «C«S Lfc*JHBO*fi* 5 t v * 

-tcfflSr***, w*.tf3-3©-fe.>i'*JBt»TlSi otcM 
[007 9] (JtM0MI 1 0 ) c cr*l%^©*^-iii 

est*, mai/fej: ^ &*«w©*»*9-s'i' » *- 

£. #»«>5t>««»©ail^ < ti«:«x.St©-C* 
[ 0 0 8 0 ] 0 1 4 B*IMO*5--llWK«IO« 

«KIEBWLr--(Wtt*WWDB*<»Rll/fc*S«lE«8 0 
£. 0l|iLtf06tC0!l^%L//cJ:^!&4O©-fe;l'2 1 . 2 
2. 2 3. 2 4r<«l5S;U/c*^BJ©ffl[ B B B ^7-^i'f * 
-2 0t'&iffi^t)1ifcm^l/t:<,^. ffn?MK80© 

■c»i*©ea»»«!f*>ti. flnffiiife'c© 3 Mfe© 5 % 

©^t^iBS'v.©^* V 5 *©Bi^«:#S-r2) 
iBUI*9-i'* »*-©*»**«< 3 ^fitBBBS'tt 
Sfc&CC. C©WT«RlttlBW8 2*Wr>Tl,»<&. c© 
PJ»llslll88 2tCct«5. 9^*5Bfe»8 3tW«BB8 4 
©PJ»i*<b-SC<i:K:J:r>T. 11*7-^^^-2 0 
©g|7Ke©jURi. an%fi«c»|tL/?fcBBIWI«*Wr* 
^11 (^U-^*-*) il«©^'S:l5W3li"r?f^C 
iJ&s-C^5„ *»W©»5^af*«RSfS*»W©«JR 
*7-yt»i-m «JS©J:9«c«Wl*afflf*c 
i K«fe9. 3Bl**A:»aaitRRI**©W9**ftlms 
SSWT©iHiiT^^ 4 C i *i"C& 5©"C. 7 >J v t> 
=S:ig^L/. ^Siffi©iSl>* , 7-S«*^^"J"5C4*5 

-J/trf-tt. 06tcW^O/c«BSt»CK*Citt< . 
W^.{f01 0.011.012.01 3tti*«:^U/c 
J:5«t*»9!©*Jl*5-S^* ? *-*SWfllr»*e& 

[008 1 ] (Utt^S 1 1 ) ^'Jx«0 1 0 fcWwl/T 

«fc9tt«ij«**r**iftw©*9-*w««"cw. J*''* 

#»©»#*'* f h*iJ(UI**-S/+» *-©SlRS 

[00821 01 5 tt«SWtll©«mBH*ttMWr 43fe 
©^^^h;Ui. ^-©atRJKS**^ 
»Hik&©PBfiM:K9i'f «A:ft©H'r*&. 015-Cti 

ejRar*s©»*^^* v^m^ov t^mil 

UtmltW. CCf. 3t*«©»^^4»hiU©^ 
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[0083]«S*7-i/t^-TO*, W©il 
tftK#'f*'<iM-;U#&*9 4. 9 3. 9 2<f:&S<fc5 
tc. g^-BXfc'^g. SiRSItf&g'JI^EPflniiEE* 

*jKSIB^K:iBS:l,TKi|X-rsJ:^{cLrfeJ:(,>. c© 
^j*-5l>«S«f 3 ^©*fflt> -5><fc 5CC *> <fct,». 

[0 0 8 4] cnas-ciDSiBj-ctt. jEiurssa^ofe 

[0085] 1 2 ) «TtC*^BJ<D3 6(CA 

[00861 * « 20 

[0 0 8 7] #-7**p6ttS!IU©KfiU 1 (ISO. 
7mm)K, M o W#>6>&<5^@i|il#} 1 Owm, «I®W 
mj 1 0 m m©fiiit&tKm*3i 1 4 Sr^&KlJ: 0 JftiS btc. 
-XiC^'J 4 5 K ( A L - 1 0 5 1 : B2fc^j£=fA (tfc) 
£D Onm(DJl?CCXf^---Cfil^Sei 4?& 

j£ffi{C* + X KUfe|*j££ L/C lattice. ^7^©g 
^fcWT 6 * t> 5 — #©ST 2 ©S« 1 

2 (J13 0. 7mm) ©ffiS^^B'Nfeifife^^fiJcL/ 30 
tc 

C0 088] *«CWI6liWtC»Lrfitj*K J: 07^^ 
©#[*] £ B& i -S <£ 5 K?T fc. 

[0 08 9] ©tttt^i 1 4 #iessn-c 

ur2©*«i 2©i8i^BiaH(c» te^t>-e©fca)©x^ 
*->^ffij£BT;£©{iSK:tt-5u 4*iiS 

ss nfcsr i ©s« i i <Dtmm&wicm.&#j sum© 

[0090] •£©». 2«(©S«?:St»«:^^5&iac» 40 

{c*trS)-T-5<t5«:l4«P^-ti. jsB^sufc. mi© 

i tmzomfoi 2t<DfSi^n-r zmMkmi 3 

il/TT. v^ifcll (E4 8 : Me r c kttSSi) 5 

Ow t%bti4 : 7>\'%\ (CB 1 5 : Me r c k*i$!0 5 
Ow t%>Zm&l>tCo ^KC©Si fl B BiS^il9 5wt%i 
1. 4-5> (4- (6- (7*yo-{* 
"OvM JM"*^) -2-> 

765 1 :Ciba- G e i e yttSi!) fcfl^tt*-'^ 
-tCjftLTftO. 5 w t%^ttJb/cig^5«rSffi«:J: , 3 50 
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[009 1 ] C©tflll8-C. aU^f'J »>«©^l/-t 
«fc SWfe©5atKKM3fc*fJ5£ UctC^ *4i« 
S*5j4 5 0nmT*SC4=S:FtSl//c. C©-lr;KC. Si 

- ^ 'J -7 -< b 0 /c. C ©Ifir ©«H53iKtt#J 1 0 
0 mW/ c m 2 . &g#>3 65nm, MWISMtttfJ 1 
iU. 4zJUrt«:itA3n/c?$S@©StRJSftffett. $? 

^©jsMfrars^tfRffc-ttr. cn^-t^ (£ 

2 1 <fc L/fc„ 

[009 2] '#X.i)4*>i\>m <CB1 5 :Mer cktt 

ilSIi:S«S-C-feJl/2 2 (2t#) fcfi&lU Wfe©5MtRJ5 
8* (*4>?&B4 5 0 n m) £5838 LA:. 

[0 09 3] SfcK. jrffll (E4 8 : Me r 

ckttS) 59wt%t*-f7^ (CB 1 5 : Me r 
ckttJS) 4 1 wt%^U^Otcimit, -fe;U2 1ip] 
DS^-C-feJl/2 3 (25#> fcfPSSO. &fe©StR£«7fc 

(*'C^S5 5 0 n m) SrStfgLfc:. 

[0 094] ^{C^v??^ (E4 8 : Me r c k 
*±§J) 59wt% *-^^;UffJ (CB 1 5 : Me r c k 
tt§J) ©7fe^14f*4 1 w t%*il^l/fcJi{W*> "fe^ 
2 1 illCS^-Cfe;!/ (£^) 2 4^1/, «§fe©iS 
!«?JS«7fe (*'D^S5 5 0 nm) «r5ttSU/c. 

[0 09 5] C©<fc^tC^SSL./c-fe^2 1. 2 2. 2 
3. 2 4%Jm»5CS@L/r**BJ©^S*v-^+^5' 

[0 09 6 ] ■feJl'2 1 £-fe;U2 2 iB. mEEP^tCil 
tRSI4#* 5 i®ei&5J:5. $yt-»2^2 3 <t-l2JU2 4 i 

a^lSSO/c. t-ctomi. 2 2. 2 3. 2 4(C 

^Si^c-SJ:^":. Sfc-feiU2 3<btJl/2 4«:>FfU-C 

©*igab«E ; £En»ni//c<t*{c«jgt B i/75-^f ? 

©Sa^i^fei'icS.fc^tc. 3€>K:-r^-c©-fe^{cM 

jfl^Wfei^-SJ:5K:i85£U. fln«iIfe©3Mfe©5 

[0 09 7 ] C©<fc ^> «:W«tt//c2|s:|%BJ©?SBl*7--> 
+ vf-©fe«J#^©l«©8&f / PiiS*S 1 JSL/c. -5-©It 

w^mtmmmua^^ua^'Cito. 6ms. seep 

fln*>6^En/JIlB#-C«0. SmsTfeiJ, lms«TTO 

ufcic*. -e©it.§B#ra«. mEi^En»n*>e>En»nB$« 

0. 6ms. ^KEPJraa^NEPflDBSW: 1 . 9ms-C*-5 

/c se*©ffin*7-^-c 1 4(c^ 

[sicken? j -;U Ki'-'!r>^f^^:©*7-gjr 
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[0 0 9 8 ] C©«fc^tC*|%BJ(D®B^*7-i'+ 9 * — 

5W-©6^t-9?-©g;*©£fl:scirf*B$ra, f^fce 

[0 09 9] (USS^SS 1 3 ) ®.&fr*<J>W®.3-**' d f 

[ 0 1 0 0 ] $1\ SU&JfcSgl 2 ilU&fCJfr 1 CD»«i 

(01011 ^«C V *v^9*?8j| (E4 8 : Me r c 
KttS¥) 4 4w tX£*7-f5JWW (CB 1 5 : Me r c 

(E48 : Me r ckttSSf) 4 4wt%iCBl 5©:* 
3*Mt*{*5 6wt%. *-??v*WlM> (E4 8 : Me r 
ckttSS) 5 lwt%£ (CB15:Mer c kttM) 
49wt%, (E48:Merck*t 
IS) 5 1wt%iCB150*?Itt#49wt%4« 

2 2 . -fe;W2 3 . t*2 4 ± 

[0102] cn6tC-fe*©«E*9JftI» (P1 = 
P. ) K*»W*aW?R«*Ot»'li«fi«. **2 1. -fe 
■)W22#3 7 5 nm. -fe.rt/23. ■fe;U24#460nm 
-C*-p/c„ -te;l/2 1. 2 2. 2 3, 2 4*Jl#tCS@b 
-CM 6 £ I^«©«t^©«S* 9 - f + 7 * - tfl* 

[0 1 0 3 ] *L/T, C <D £ 5 Uifcik*) 9 £- 

2 l . -fe;U2 2©»!RKaftfe&«We <<t»4>«64 5 0 n 
m) . **2 3.'*A2 4 ©jStRSattfe^fe <«tM>« 
S5 50nra) te*«fc9«:IDttmtt*l9fleofc. 
Sfn©SE«fc9*>*#ttlfl2©mE*E|]toUc£tr«:. 

-iz;U2 1 . -fe;U2 2©aBRKM#JM»& <*<&*« 5 5 
Onm) , -fe;U2 3. Hz;U2 4©H2;U©jMtRS*f^* J 5^ 
( ipAiftft 650nm) t tt i «fc 5 {ClElftSE5r*<Jtai 

[0 10 4] c©<k5Cc&^;t'£ffi»irr£i&flJlKEPJjD 

^(Cg-T &j£ffttntt!ff 1 ©«EEfflnBS*»6* 2 ©SEE 
Ef)fi08#. fc«fctfJ|I2©*E6lWll»*»&* 1 ©^EEP»DB# 
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KfeC*?. -5-n-etlO. 6ms. 0. 9msT*»5. 1 
m s «T"C©»)Sftfe«J»*.**T 5 C ttfi-CZIc. 
[0 10 5] C©«fc^tC2|£^BJ©?KS*5-->i"7 f- 
■Ctt. =JU*^'J 9 £&ll£/c«*;-r 

^•^P, i©ra. P, <P, <P» 

io [o i o 6 ] mmisi 2tmmc. i&om&ti?- 

vZ-ZMZ-iim 1 4(c^L/cJ;^fe^BJ©* 
*7#4>& < ^ n B a(i©M>iffl»*^:#&i®ffi«:^rs 

[0107] <mt&fct& 1 4 ) # •v-tt^^fSSB 

K&ffStft:. ® H B B 7}^©SJgttm£^b3l*S8*B£ 
©**W©?£S* £fP$?U . -?•©*!#&<& 
Sffi Ufc. CC T?tt 6 t>"A,:£&©^& ***** 3 
ffl^r. 19 1 OJCWTnL/ZcJc^^C^BJ©^*^-^ 
20 +9 *-£fl^bfcfflKOl»Tt&B>rr£. 

[0108] ^JSJ^Sg 1 2rfWl/*i-b^2 1.22. 
23. 2 4£l5M!StC, ^4 1, 4 2. 4 3. 4 4£fP 
se>«:^ES^Enttl^FK:*si' i_ CSf?Sit^* s ^fe 

(•P'&iffifiB 5 Onm) -C£>&<fc ^fc-fe-'M 5 (££) 
te«tO'-fe;b4 6 (£*i) %fPSfL/c. 

[0109] fi^tt^e^^-^JD^SIucvSB^ig-^ii 
LT. •k)V4r5te*-??v (E 48 : Me r c k 

ttSS) 6 6wt%t*-f7^J (CB15 :Merck 
ttSg) 34wt%4, ■fe^l/46«*'75 i 9 *-<&H (E4 
30 8:MerckttR> 66wt»iCBl 5<Wt«tt 
(t3 4wt°/.4fflt>fc. C©«t^^S?L/fc-feJU4 1 . 
42. 4 3. 4 4. 4 5, 4 6 £J©#fc:SIIi2gb-C. 

i//c#-fe;u©Bii^©ss*. fi55SL*R»±t€.fc». mm 

T-2><t^«:L/-Cfe«tl,> 1> 
[0110] •T^'C©-bJU4 1. 42. 43. 44. 4 
5. 4 6tC*Sl,>-C. SEEIl^CDjStRSW*©^* 5 ^ 

40 btc^^om^y-^* y *— *c, -fe;u4 l iHz^ 

42. -feJU43 i-b^44, -feJl/4 5 i-feJl-4 6 ©3iffl 
©•fe^©^^. i'tlfr l-5©Jffl«CfaE%EP/JDT*C£ 
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